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FISH AND WILDLIFE SERVICE
Washingtan, D.0. 20240

DEC 28 kg8

Dr. Carl Bavsch

Deputy Director

Exvirotnoental Analysis and Documentation
Policy and Program Development/APHIS

4700 River Road

Riverdale, Maryland 20737

Dear It Bausch:

. This responds vo your request of December 9, 1998, for our raview and concurrence With

Dr. Jack Deloach's proposed experimental refease of biclogical control agents on saltcedse of
Angust 28, [998. Saitcedar infestations have significantly diminished fsh and wildlife habitat
ecological valuc in the Westem United States, particularty riparian ecogystems. The Fish and
Wildlife Service is suppertive of the utilization of appriypriats techniques to deal with this noa-
astive invasive species. Biclogical control is one technique that when developed and utifized with
sppropriate safiguards can and has in 3ome instances provided a vishle cost effective and efficient
weed comtrol.

We have reviewed your proposal to release 2 insects (leaf beetle (Dinriuzhda elongnia) and
mealybug (Trabuting meowipara)) on 13 sites in the Western United States to determina the
effectivenesy of thepe inzects in controtling salicedar and measure the responsc from native
riparian vegetation after release from saltcedar encroachment. Your propoasl containg & munher
of safeguarids that will ensire adesquate developraent of sufficiens data to make 2 determinaticn on
the larger-scale {enire saltcedar range) in the futura and minissize any potential impacts from this |
experimental releig on the endangered southwesiorn willow fycatcher (Empidonar trailii
extinus). Mmmmd:udﬂuiﬁmmgufthempamaﬂh#mwummhmasweﬂ
as an native vegetation, geographical isolation of refease sites, and distance from any flycatchers
occupying saktcedar stands (a2 Jeast 200 miles) wars incorporatad into your proposal.

The Service has conmdersad all of the availshle imfhrmaron regarding the host specificity of'these
two insccis, the potential impaces to the flycatcher, and the moottoring protocols melnded in your
proposal and mﬂwwm@mmwmmmﬂm
adversely affect the southwesiarn willow flycatcher.

Wemmmﬁmﬁmeﬁbﬁstommthesm’smmmd :
recommandmtions in the development of thiz propoml snd we loak forward to continue working
with you in the development of the large-scale biotogical control program on saltcedar. The
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posential for the ultimats recovery of not only tha flyestcher, but of sur westem riparian
ecogystems will depend in grand part to our combined effons 1o control sitcedar and provide for
the rocstabBishment of ssvive riparian species. 1f you bave any questions pleade feel 1o contact
the Division of Endangered Species (Attention: E. LaVerne Smith or Jim Kruus 703/358-2171),

Sineerely,
mv P o

ASSISTANT DIRECTOR

. 3012-MIB-FWS/Directorate RE
3242-MIB-FWS/AES RF (2)
452-ABLSQ-FWS/TE (LSmith)
452-ARLSQ-FWS/TE (IKrans) |
452-ARLSQFWSE RF ( PTEFF o0 253)
FWS/TE: K raus/cgl: 12/14/58:703-358-2106 S \DTEBROAGENCIES\APHISDELOACH LTR
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oo December £9, 1558

Sdarkoting mres

Aspulstory bfs. E. LaVeme Smith

Progrers Chiaf, Divigion of Endangered Species

Arime andd Fish and Wildlife Servica

Flars Lam 4401 North Fatefax Drive

Sanvice Arlingten, Virginis 22203

Fiver oo :
Fverie, o 2075 Diear M. Seith:

The Anims! end Plant Healds Enspection Service (APHIS), on babalf of e
applicant Dr. C. Jack DeLogch from the Agriculinre Research Service, is
requesting the copsurrenes of the Fish and Wildlife Service on the revised
nalteddsr proposal sohmitted op August 28, 1998,

Tae proposal is 10 releasc a leaf beetle, Diorhabda alongoga, and & meatybug,
Trabusiua manipars, at 13 sites in the westem United States to redyce tha
sbandance of mlteedar, Tanarir ramoritsips.

APHIS appreciatrs yonr cooperaiion in this 1oatter, If you have any questicna,
please give me a call m 301.734-8555.

Siccersiy,

Mm
Carl Baisch
Deputy Divector

Policy and Program Developaoent
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RELEASE AND MONITORING PLAN FOR INSECT CONTROL AGENTS:
The leatbeetle, Diorliabda elongata, and the mealybug, Trabutina mannipara,
for Biological Control of Saltcedar'?

(Research at 13 Approved Sites During 3 Years)

1. LIFE CYCLE AND BEHAVIOR OF THE CONTROL INSECTS
A. The leafbeetle, Diorhiabda elongata, from western China and eastern Kazakhstan.
1. Biology and behavior. Both larvae and adults feed on the foliage of saltcedar, their only
known host plant (see Figure 1, Appendix A). Larvae have 3 instars. Mature third instars crawl
down or fall ﬁ'om. the plant and pupate under or within litter on the soil surface or sometimes %
to 1 inch deep in loose soil, or in cracks in the soil. The pupae are bright yellow. Pupae may
drown if submerged for very long after rains or high water from streams or lakes. Some papers
from Asia indicate that the adults overwinter and others report that large larvae overwinter. This
beetle is the most consistently common and most damaging natural enemy of Tamarix across
Asia, and both adults and larvae may completely defoliate the plant. However, high populations
and heavy damage are very sporadic in ASia, reminiscent of insects that are only rarely able to
escape their own natural enemies. If not attacked by North American parasitoids or predators,
we expect widespread and continuous heavy feeding on Tamarix. Host range testing at Temple,

TX revealed that survival and damage was much lower on Tamarix from some locations than

1See Monitoring Plan Outline prepared by Juli Gould, Appendix of 28 August 98 “Proposal” to
U.S. Fish and Wildlife Service.

2 Information from rearing in outdoor cages at Pueblo, CO was provided by Debra Eberts,
USDI-Bureau of Reclamation, Denver, CO.



from other locations. The released insects may behave similarly, with the insect being more

effective in some areas of the U.S. than in other areas. Climate and other factors also may affect

establishment and the amount of control in different areas.

2. Life cycle. The entire life cycle in the laboratory at Temple, TX, at a constant temperature of

ca, 25°C, required an average 41 days. Generation time outdoors in midsummer required only

20 days. Duration of the different stages was:

Duration Head Capsule
Stage (Days) Width (mm) Notes
(x£8D) (n) (range)
Egg Ca. 7-10 Tan, globular; single or in
masses of 2-20 on leaves
1* Instar Larvae 4.9+1.0(52) 0.49£0.03(13) Ca. Imm long and yellow at
(4-8) (0.45-0.53) hatching, turning black
2" Instar Larvae 4.8+1.0(39) 0.68+0.04(58) Gray-black with two indistinct
(3-11) (0.58+0.75) yellow lateral stripes
3" Instar Larvae 7.4+1.7(28) 1.01+0.05(50)  Gray-black with two distinct
3-11 (0.88-1.10) longitudinal yellow stripes on
sides of abdomen, reach ca. 8
mm in length
Prepupa 4.8+1.5(18) Drop to ground, may burrow;
(3-8) adopt C-shaped position
Pupa 7.1£0.8(13) Yellow
(5-8)
Adult pre-oviposition ca.3to4
Entire Life Cycle ca. 41




3. Seasonal cycle. Eggs placed in field cages at Temple, TX, on 29 May produced subsequent
generations of adults on 22 June, 10 July, 30 July, and 2 September, for a total of 4 generations'
during the year. Those placed in cages at Pueblo, CO on 25 June [997 and 30 May 1998
produced 2 generations a year. One more generation may develop when adults emerge at their
natural time, instead of developing from egg shipments later in the season. At Ashghabat,

Turkmenistan, overwintering adults emerged in late April.

4. Critical stages in life and seasonal cycle. The experience of biocontrol workers indicates
that leafbeetles or mealybugs usually transfer readily from one plant to another and establish
readily on plants in cages or in the field. However, our experience with these species indicates
that establishment may be difficult and may require careful attention to discover interfering
factors and to overcome them. Observations by both our overseas cooperators and by us in
quarantine at Temple indicate several stages in the life and seasonal cycle where special attention

and special techniques may be required to obtain establishment.

a. Qviposition in captivity. The numbers of eggs laid has varied greatly between

shipments received from both China and Kazakhstan, for reasons not well understood. This can
affect the number of'eggs available for release. Sometimes, adults collected from the field in
China oviposited well during the 2-4 days before being packaged and hand-carried to the U.S.,
then oviposition declined drastically after receipt into quarantine at Temple. However, in other

shipments, the adults oviposited well for several weeks, especially when verv young adults were

shipped. In 1998, adults in field cages at Pueblo, CO oviposited well for several weeks.

<t



b. Neonate larvae. Establishment and the beginning of feeding by neonate 1st instar
| larvae on the plant was a serious problem in quarantine when egg masses were allowed to hatch
on potted plants in cages. Establishment seemed much bet_ter in small nylon bags over a branch
or when hand-fed in vials. Larvae in outdoor cages seemed to establish more readily than those
_ in quarantine. In 1997 at Pueblo, 65% of the eggs produced larvae that established on the
foliage. Eggs that are pulled loose from the bag or foliage on which they were laid have a low

survival rate.

¢. Pupation. In nature in Kazakhstan, we found numerous pupae on the soil surface
undemneath litter under infested saltcedar plants. These probably would drown if flooded.

Chinese workers are able to control Diorhabda by flooding infested areas during the winter.

Rearing methods for pupae in the laboratory has not been perfected. However, if this is needed

at some time during the program, the following may serve as a guide.

Large larvae collected near Urumagi, China in 1993 pupated well in plastic boxes in the lab at
Beijing. f‘ull grown larvae were placed with foliage in plastic boxes over saltcedar litter ca 1 em
deep, spread over slightly moist soil ca 2 cm deep. Some larvae pupated in the litter, some at the
litter-soil interface, and some in the loose soil. Most larvae formed loose cells in the litter and
soil that could be picked out or separated by sifting. However, after being hand carried to
Temple, very few of those pupae produced healthy adults. We speculate that pupae so produced

would produce normal adults if the pupae remained completely undisturbed where they formed

|
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their cells. Full-grown larvae eventually will pupate on filter paper in petri dishes or in nylon
bags on the plants but those rarely produce healthy adults if they are disturbed or pulled loose

from nylon bags if they pupate there.

The best method known so far for producing healthy adults from large larvae in the field cages
may be to remove the bags and let the larvae pupate where they like. However, research by
Debra Eberts in field cages at Pueblo, CO indicated that pupae produced in nylon bags survived
well and produced normal adults if they were not disturbed. Probably, the soil under the cages
should be covered with 1-2 inches of litter from under other saltcedar trees if sufficient litter is

not already present, or with 3-4 inches of wheat straw, etc.

d. Qverwintering. The overwintering stage is not known with certainty. Different
reports from China mention either pupae or adults as overwintering. Maybe both stages may
overwinter or maybe it varies in different areas. Probably, the addition of litter from under
saltcedar trees or other litter or straw into the cages and maintaining natural moisture levels, may

enhance overwintering. We have not yet obtained overwintering in our field cages in the U.S.

B. The Mealybug, JT rabutina mannipara.

1. Biology and behavior. Mealybugs, in the order Homoptera, have incomplete
metamorphosis, where development occurs from the egg stage, through several nymphal stages,
to the adult stage. The nymphs resemble the adults except for being smaller; only the adult

males have wings (see Figure 2, Appendix A).
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Stages of the manna mealybug, Trebutina mannipara (ca. 25°C).%/

Stage Duration Length x Width
{mm) Notes

Egg Ca.7-11days 0.46x0.175 Oval and light yellow-cream, found
only inside the ovisacs

1# Instar-Active crawlers  Ca, 1 week 0.5x0.2-0.3 Pink to white, dorso-ventrally
flattened; highly motile; generally -
settles among bracts at ends of
branches; survive 1-2 days w/o
food

2™ Instar-Settled crawlers, Ca. 1 week 0.7-1.1 x 0.4-0.6 Settled into feeding, motility

w/o white wax reduced

2" to 3" Instar nymphs - °  Ca. 5 weeks 3rds: 1.1-1.5x Nymphs appear to be non-motile; a

covered with cottony wax 0.8-1.0 (8); 0.9- small droplet of honeydew often

filaments 1.0x04-0.5 (o occurs exterior to cottony filaments

prepupa)

Small to Medium £ Ca. 3 weeks Ovisac 1-3mmin 2 hidden in ovisac; some eggs may

Ovisacs height and diam. be found in medium ovisacs

Mature ¢ Ovisac Ca. 2 weeks Ovisac 3-4 mmin New generation crawlers seen ca. 2

Entire life cycle: Ca.
12 weeks

Winged Adult &

height and diam.;
adult ¢ 1.2-5.3x
0.9-3.6

1.0-1.2x 0.3

weeks after mature ovisacs, or at 12
weeks from start of development of
parent females; large ovisacs
averaged 300 eggs each, witha
maximum of 785 eggs; females
removed from ovisacs lay up to 25
eggs per day; ¢ rotund, pink to
blue-gray

Emerge from 4th instar & “pupa”,
greenish, w/3 long caudal filaments

#/Data from observations in quarantine at Temple, TX. See Danzig, E.M., and D.R. Miller (1996). A
systematic revision of the genus Trabutina (Homoptera: Coccoidea: Pseudococcidae). Israel Journal of
Entomology 30:7-46 for the published description and more information on the different instars,
distribution, host range and other species of the genus.



Trabutina mannipara was redescribed and all stages were illustrated by Danzig and Miller
(1996). The species has three nymphal instars. The first-instar nymphs (called “crawlers™) crawl
rapidly over the plant. Mealybugs damage the plants by sucking out the sap and sometimes also
by injecting chemicals into the plant that alter the plant metabolism or kill plant tissue. Several
of these groups are either without males entirely, or without males during several all-female

generations during part of the year.

Trabutina mannipara is different from most other mealybugs in that the young females secrete a
tough, waxy egg sac that encloses her as it grows; when it is complete, she lays her eggs inside
the sac. The eggs hatch and after several hours the first-instar nymphs emerge from an orifice in
the end of the egg sac and crawl over the plant foliage and to other salicedar plants. The method
of dispersal is not known, but in some mealybug species the first-instar nymphs are wind-blown.
The second-instar nymphs have shorter legs, move only short distances, and begin to “settle” on
the plant foliage, and begin to secrete white, waxy filaments. The third-instar nymphs remain
fixed in their “settled” location and produce large amounts of wax filaments that cover their body
giving them their white, waxy mealybug appearance. These colonies of nymphs can become
very dense, completely covering the plant terminals; they killed several of our potted test plants

in the quarantine studies at Temple. With T. mannipara, the females are wingless.

Males of the species were unknown to science until found flying around plants in quarantine at

Temple during our tests. They are greenish, winged, with 3 long caudal filaments.

|
Bt



2. Life cycle. The complete life cycle of T. mannipara required about 12 weeks in our

quarantine greenhouse studies. The duration of the various stages has not yet been measured.

3. Seasonal cycle. We expect 7. mannipara to produce about 2 to 3 generations a year in the

field. In Israel, Prof. Dan Gerling stated that egg sacs with dead females are found in the field

after October. The new generation starts to appear in January as scale-like spots on young
branches. They are more apparent during February and reach maturity in April or May.
Therefore, they apparently overwinter as crawlers or young 2nd-instar nymphs. In Israel mature
egg sacs can be collected during the last week in May. These produced crawlers in quarantine at
Temple on 25 May. The next generation of crawlers was produced on 23 August (59 days) and a
second generation of crawlers on 22 Nov (91 days), for a total of 3 generations a year in the

warmest climates.

4. Critical stages in the life-seasonal history. In our experience to date, laboratory rearing of
these insects has been difficult during certain stages. Rearing in the field also may be difficult

during these stages and may require careful attention to be successful.

a. Neonate gyl mphs. Transferring first-instar nymphs to other plants has proven to be
very difficult in the laboratory, a procedure that was expected to be very easy. In Israel, the
technician worked all one summer attempting to transfer nymphs by allowing them to emerge
from the egg sacs into a vial, then inserting the vial over a branchlet of growing Tamarix, but was

never successful. At Temple, we allowed the crawlers to emerge from the egg sacs onto a square



10

of black paper so they could be counted, then we placed the paper on potted saltcedar plants;
howevef, of several hundred eggs, only a few established. In both Israel and Temple, when egg
sacs with eggs inside were tied to branches of living saltcedar plants the crawlers established
relatively easily. A second generation was then produced on the same plants without further

manipulation.

b. Tending by ants. In Israel, 7. mannipara is heavily tended by the weaver ant,
Polyrhachis simplex. These ants construct a “tube” of loosely woven litter from the flowers etc.
around the twigs on which the egg sacs are attached; I have never observed the egg sacs in nature
in Israel that were not covered by the trash tubes. I did not observe nymph infestations and don’t
know if they also are covered. In quarantine at Temple, development through the entire life

cycle took place with no ants present.

The need for ants in the field in the U.S., whether native ants wiil tend them, and the
consequences of whether they are tendered or not (or in what manner) are questions that should
be carefully observed in these field releases. Predaceous ants (fire ants in southern Texas) and
other predators may severely reduce or eliminate 7. mannipara if they are not tended by ants.

They do produce honeydew, which should attract some types of tending ants.

II. SOURCE OF INSECTS
A. Diorhabda elongata Leaf beetles.

1. Overseas source. Diorhabda elongata are obtained from two locations in Asia: 1) western
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China in Xinjiang province, at several locations between Turpan and Urumqi and from a location
north of Urumnqi near Fukang, 2) southeastern Kazakhstan, from sites northeast of Almaty.
These insects are shipped (or hand carried) to the ARS quarantine facility at Temple, TX or

Albany, CA.

2. Production of clean cultures. “Clean” cultures are produced in quarantine that are free of
parasitoids, pathogens or other living organisms. Eggs from the adults received are free of
parasitoids. Surface-borne pathogens are eliminated by surface sterilization with chlorine bleach

or other similar disinfectant.

Internal pathogens are eliminated by saving the eggs, then examining the females that laid them;
if the females are pathogen-free, the eggs may be released or used to produce larvée, or adults of
the next generation that may be released. Eggs, larvae or adults are suitable for field release.
Pupae appear difficult to culture and probably would not survive if released. Clean cultures also
may be maintained in outdoor nursery cages if authorized by APHIS-PPQ. Clean cultures from
these outdoor nursery cages also may be used for release at the various field sites. However,
subsamples from the outdoor nursery cages should be examined for local parasitoids and

pathogens and only shipped to other sites if shown to be free of these.

Insects for release should be either hand carried or shipped overnight. Shipping should be in
double-walled containers (as specified by USDA-APHIS-PPQ), with fresh food inside. Copies

of proper release permits from APHIS-PPQ and Form AD-942 should be included with each

a2
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container. The receiver should complete the form and return a copy to the facility that made the
shipment. Proper permits must be obtained from the Department of Agriculture in each state

before releasing in that state.

B. Trabutina mannipara Mealybugs.
1. Overseas source. 7rabutina mannipara are obtained from beside the Dead Sea in Israel,
mostly from Tamarix jordanis or T. nilotica. Egg sacs of these mealybugs are shipped to the

quarantine facility at Temple, TX.

2. Production of clean cultures. “Clean” cultures are produced in quarantine that are free of
insect parasitoids, pathogens, predators or other living organisms. The egg sacs received from
overseas may be infested with predaceous larvae of a drosophilid fly but none of them attack
first-instar nymphs; therefore, emerging nymphs will immediately be separated from the egg-sac

cultures, and can be used to start clean colonies.

At present, the neonate nymphs (crawlers) appear difficult to transfer from one plant to another,
and later instar nymphs are largely immobile. Therefore, clean colonies will be maintained in the
greenhouse until cgg’ sacs with eggs of the next generation are produced. These egg sacs will be
hand carried or shipped overnight to personnel at the release sites. Shipping should be in double-
walled containers (as specified by USDA-APHIS-PPQ) with proper release permits and

completed AD-942. The receiver should complete the form and return a copy to the facility

making the shipments.

$a
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Outdoor, caged nurseries of clean cultures have not been produced and to date have not been
authorized by APHIS-PPQ. If authorized in the future, insects from such cultures also could be

used to establish colonies at the various release sites.

III. RELEASE SITES AND RELEASE CAGES
A. Criteria for Selection of Release Sites.
The criteria were listed in the “Proposal” to Fish and Wildlife Service of 28 August 1998, as

follows:

1. Site isolation. A distance of at least 200 miles from the nearest location where the sw-WIFL
is nesting in saltcedar, and isolated from such areas by ecological barriers (desert or mountain

ranges) with no connecting strips of saltcedar along which the control insects can migrate./

VWhen the “Research Proposal” was submitted on 28 August 1998, all proposed sites were
further than the 200 mile limit, the nearest area to the New Mexico site being on the lower San
Pedro River, AZ. However, recent surveys by the NM Natural Heritage Program in the San
Marcial area just north of Elephant Butte Reservoir on the Rio Grande, NM revealed 4 of the 7
nests of the sw-WIFL to be in saltcedar, and 3 in willow. The three New Mexico sites now are
less than 200 miles - Bosque del Apache only ca. 20 miles, Holloman AFB ca. 65 miles, and
Artesia ca. 165 miles. The Bosque del Apache site has been given up because of being too near
to the sw-WIFL. Hopefully, Holloman and especially Artesia will be retained but these issues
have not yet been resolved. Both are isolated from the San Marcial area by deserts, mountain
ranges, and both are downwind, all factors making dispersal to San Marcial highly unlikely.
Also, the value of saltcedars to sw-WIFL nesting at San Marcial is uncertain. Apparently, both
willows and saltcedar occur in dense stands, the sw-WIFL is nesting in both, and nests only in
willows in other areas of the middle Rio Grande, including probably also at the Bosque del
Apache (some territories found in willows). It would appear likely (although unproven) that the
sw-WIFL would nest readily in willows at San Marcial if the saltcedar were controlled, with no
reduction in total nesting.
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2. Sufficient saltcedar. Stands sufficiently dense and extensive that the control insect

populations can increase to large numbers and that dispersal can be monitored meaningfully

3. Soil conditions. The leafbeetle, D. elongata, probably requires well drained areas. It pupates
on the ground under litter and may drown if submerged for more than several hours. The
mealybug spends its entire life cycle on the plant, so seil conditions are assumed to be

unimportant.

4. Presence of native vegetation. A major objective of the research releases is to determine the
degree of natural revegetation of saltcedar infested sites by native plants, especially by
cottonwoods and willows, that occurs following biological control. Therefore, the release sites
preferably should contain sufficient remnants of those native trees to provide a seed source so

that natural revegetation can occur.

5. Climate. Release sites in different climatic areas are needed to determine the climatic range
in which the‘ contro! insects can be expected to establish and increase. Old World distribution
indicates that the leafbeetle D. elongata will be effective from northern Texas or New Mexico to
as far north as saltcedar grows, but may not be so effective in the more southern areas. The
mealybug 7. mannipara is expected to be most effective in the hottest, most southern areas and

may not be sufficiently cold tolerant to survive in the northern areas.

i
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6. Protection. Sites should be located in areas where the released control insects will not be
destroyed by insecticides, fire, herbicidal or mechanical treatments that destroy their food supply,
or by vandalism. A written agreement will be obtained from the land owner - manager that he
wil} not intentionally apply insecticides, herbicides, mechanical controls, fire, or other harmful
procedures to the vegetation in the release area. A standard form will be prepared by the
Saltcedar Consortium (?) for this purpose. The cages should be protected from livestock and
wildlife (see Figure 3, Appendix A). The larger area within the boundaries of the release .r;ite
should have at least some areas where the native vegetation is protected from overgrazing or
browsing by livestock or wildlife so that the return of native vegetation can occur and can be
documented. Cages should be located so they are not visible from public roads or areas
commonly utilized by the public. The specific location of the cages should not be made
available to the general public. This is to prevent unscrupulous dealers from collecting and
selling the control agents, to prevent opponents of biological control from destroying the site, or
to prevent those wanting control from collecting the control insects and releasing them on their
own lands. All of these actions would destroy the site and prevent obtaining the data needed to
obtain authorization for further distribution of the control insects or for understanding their

control potential and effects in the ecosystem.

7. Accessibility. The release sites require intensive monitoring for at least 2 or 3 years and less
intensive monitoring for a longer period. The sites should be reasonably accessible so that

monitoring personnel do not have to walk long distances to reach the sites.
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B. Location of Release Sites.

Locations of the 13 release sites, and the insects to be released at each site, are as follows:

Location Land Owner Insect to be released
Laredo, TX (Rio Grande) Private T. mannipara
Seymoure, TX (Wichita River) Private D. elongata
Big Bend National Park, TX NPS T. mannipara & D. elongata
Artesia-Bitter Lake NWR, NM Private, FWS D. elongata & T. mannipara
(Pecos River)
Holloman AFB, NM (Tularosa Basin) DOD _ D. elongata & T. mannipara
Socorro, NM (Rio Grande) FWS D. elongata & T. mannipara
Pueblo, CO (Arkansas River) BR D. elongata
Lovell, WY (Big Horn River) NPS, WY Fish & Game D. elongata
Delta, UT (Sevier River) BLM D. elongata
Lovelock-Stillwater-Walker River, NV Private, FWS, BI D, elongata
Independence, CA (Owens River) LA Dept. of Power & Water D. elongata
Clearlake, CA (Cache Creek) BLM Land D. elongata
Hunter Liggett Military Res., CA DOD, FS D. elongata

(Nacimiento Creek)

C. Specifications for Release Cages.

The big cages for the experimental field releases should be large encugh to enclose 2 to 4
medium-sized saltcedar bushes and if possible other smaller plants, and tall enough to allow
normal growth of the plants. Big cages should be constructed of a sturdy frame covered with
20-mesh plastic screening, anchored securely against the wind, and buried around the edges to

prevent escape of the control insects. Big cages in northern areas must be designed to withstand

i
ERE
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snowfall without collapsing. One or 2 big cages should be constructed at each site for initial
releases of the control insects, with an additional 1 or 2 reserve cages to escape from leathoppers.
Ten to 20 small, nylon-plastic sleeve-bags will be used to place some of the insects released

inside the cages. Cages should have approximately the following specifications:

1. Cage size. Approx. 12x 12 ft x 8 ft high, to cover 2 to 4 medium sized saltcedar plants plus

some smaller ones and tall enough to allow 1 year of shoot growth after being pruned off.

2. Cage frame. Metal or other framework easy to assemble that will support the cage during the
most adverse conditions of wind and winter snowfall expected. The cage frames and fences may
be installed before the control insects arrive, possibly in-May. The annual report by Debra Eberts
gives construction details for her 12 x 12 x 6 ft cages (see Figure 3). Also, David Kazmer has
provided speciﬁcations for his arched-topped cages that are more suitable in areas with snowfali.
Recommendations on cage construction are under review and will be supplied in the near future

as an addendum to this monitoring plan.

3. Cage material. Approx. 20 x 20 mesh screening with zippered doorway with a velcro sealed
flap over the zippers. Bottom of cage should be fastened to a board or sandwiched between two
boards and buried 4 to 6 inches deep on all sides and backfilled with dirt to prevent escape or
entry underneath the sides. The Lumite Saran® screen cages can be ordered from Lumite
Company (formerly Chicopee), Gainesville, GA (Tel. 770-532-9756) or Pak Unlimited, Inc.,

Narcross, GA (Tel. 770-448-2369) in sizes to fit the cage frames, either square, flat-topped or the



18

arched topped styles, with zippered doors.

4, Sleeve-bags. Ten to 20 or more sleeve-bags will be needed at each site. These bags are made
of nylon organdy (or similar material) and clear plastic, 2-liter soda-pop bottles. The plastic
bottle is cut in half, both ends cut oﬁ_’, and the organdy is glued_to both ends of the bottle
segment, making a sleeve on both ends. The bags will be slipped over the terminals of branches,
the insects placed inside, and the cloth sleeves tied around the stem with string or twist-ties. The
advantage over all-organdy bags is that the clear visibility through the soda bottle allows
examination of the insects without removing the bag. The sleeve-bags should be covered with 12
X 18 inch sheets of semi-flexible, reflective insulation to prevent rainfall from soaking the bags
and their contents, These sheets can be fastened to the foliage over the sleeve-bags with clothes

pins (see Figures 4 and 5, Appendix A).

5. Guying. Cages should be securely guyed to prevent collapse or overturning in the wind.

6. Protection from snowfall. Cages should be constructed to withstand or protect against
accumulated snowfall. In southern areas with little or no snowfall, ¥ or % inch conduit frames
and flat tops are acc;.ptable. In northern areas, heavier frames, such as chain-link fence pipes are
necessary. Cages used at Pueblo, CO are protected from snowfall by a carport overhead which is
removed during the growing season. Cages used in Wyoming are of arched chain-link fence top

rail, anchored at both sides, making a quonset-shaped cage that sheds snow and deflects the

wind.
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7. Protective fence. Cages should be surrounded by barbed-wire or other sturdy fence to
prevent damage by cattle or wildlife. If feral hogs inhabit the area, sturdy livestock panels will
be needed. The area between the fence and the cage should be kept mowed or mostly free of
vegetation; this will discourage rodents and make any attempts to burrow under the cage easily
visible. The fence should be constructed of wooden or metal drive-down posts, with 4-6 strands
of barbed wire, 5 ft high, braced or guyed at the comers, with a gate for entry, or another
construction providing equivalent security. The fence should be set 3 to 5 ft away from the cage

on all sides.

8. Signs. Conspicuous signs should be posted on the fence with the words “U.S. Government
Property: Do not open, do not enter or disturb fence or cages - for further information contact

. Weed Control Experiments in Progress, to benefit wildlife, native

plants and agriculture for information call Tel: ”. Do not advertise

that the cage contains beneficial insects.

9. Litter. Mature larvae of Diorhabda pupate in or under litter on the soil surface. This litter
may provide needed protection from either high temperature during the summer or extreme cold
during winter (especially since snow is excluded from the cage). Unless already present, or if
removed for leathopper control, litter from under nearby saltcedar thickets, or if not available
then other leaves, straw, etc., should be placed under plants inside the cage to cover half to three
fourths of the soil surface inside the cage to a depth of 4-6 inches. Also, weeds or grass may be

allowed to grow but should be trimmed periodically and this litter left inside the cage.
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Litter probably is not necessary for the mealybug, Trabutina mannipara, since all stages develop

on the plants.

10. Walkways. Walkways should be constructed between or around the plants inside the
Diorhabda cages by placing 8 to 12" wide boards on concrete blocks, so that examinations can
be made without walking on the pupae. Another, perhaps better, option would be to place boards
or metal lattice on bricks, 2 x 4's etc. on the ground, leaving more headroom inside the cage.

Walkways are not needed in the Trabutina cages since all stages develop on the plant.

11. Predators, competitors, mutualists. Predators and competitors have seriously damaged the
saltcedar plants and possibly the control insects in our nursery cages during 1997 and 1998.
Rodents or insectivorous mammals found within the cages should be captured and held in a
freezer until they can be identified locally. Mutualistic ants may be beneficial to T. mannipara.
Any insects, spiders or other arthropods found inside the cages, other than the biocontrol insects,
should be placed in vials of ethyl alcohol and sent to the Insect Monitoring Team or to taxonomic

authorities for identification and recommendation for control, if needed.

Insects sampled from within the cages should be collected in a container with 70-75% ethyl
alcohol. After sampling is completed, each sample should then be processed to ensure that the
insects and spiders arrive in good condition for identification. After several hours, but not more
than 12 hours, the specimens should be poured onto some filter paper or tissue (ensure that the

specimens remain on the paper and don’t float away with the alcohol), and the liquid discarded.

IHH
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Large, soft-bodied specimens such as spiders and lepidopteran larvae should be separated out and
put into leak-proof vials with fresh 75% ethyl alcohol. The remaining insects can remain on the
paper, however remove most of the liquid. The paper with insects can then be wrapped and
placed into a specimen tin or similar container, labeled and mailed. Fisher Scientific sells 4 oz

tin specimen boxes (cat. #03-490D) in packs of 36 for around $50.

a. Diorhabda cages. Before releasing the control insects inside the cages, ensure that
predators such as mice, voles and predaceous ants are not in the cage. Ant mounds inside the

cage and within the foraging range of the ants should be treated with appropriate insecticides.

b. Irabutina cages. Mutualistic ants may tend these mealybugs, as they always do in
Israel. This may or may not be important, but may be very important in protecting them from
predators. Only fire ants or other known ants that are predaceous on mealybugs should be
controlled around the Trabutina cages in order to be able to observe the relationship established

with native ants.

c. Leafhoppers and spiders. In nursery cages at both Pueblo, CO and Temple, TX,
populations of both tll'le exotic Tamarix leathopper (Opsius stactogalus) and spiders have
increased to very high populations. The leafhoppers completely defoliated the caged saltcedar
plants at Temple, and destroyed 90% of the foliage in one of the cages at Pueblo, CO, depriving
the Diorhabda beetles of their food supply. At Pueblo, in 1998, leathopper eggs were hatching

on 22 June, foliage was significantly damaged by 7 July, and 90-95% of the foliage had been
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killed in one cage by 15 July. Effects within the sleeve-bags are even more extreme and
important damage can occur there while the plants in the big cage show little damage; foliage in
the sleeve-bags should be examined frequently. The spiders, which probably were feeding on the

leathoppers, probably also preyed on the Diorhabda adults and larvae.

We have not been able yet to devise a satisfactory solution to these problems that does not also
kill the Diorhabda beetles. The best solution we can suggest at this time is that the control
insects should be transferred to an adjacent cage when leafthopper or spider populations rise to
threatening levels. This method was effective at Pueblo, CO. The use of yellow sticky traps
inside the cages could help reduce adult leathopper populations, but at Pueblo, this was not
sufficient to prevent severe damage. The plants in the cages may be infected in the spring from
leafhopper eggs in the leaf litter that has fallen to the ground. An attempt at prevention should be
made by removing all leaf litter within the cage area, pruning back the saltcedar branches, and
spraying the stems with dormant oil before bud development in the spring, and erecting the cage
to prevent reinfestation. The effectiveness of this has not yet been demonstrated. Leafhopper

eggs likely are also laid in stems of saltcedar.

The most satisfactory method of eliminating or controlling leathoppers has not yet been
determined. Methods being discussed are 1) trim back stems and remove all litter from inside
the cage, 2) spray remaining stems with dormant oil, 3) cover the plant {(cage) with airtight

plastic and fumigate with methyl bromide or phostoxin, etc.

R
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12. Number of cages per site. A minimum of two, and better four, cages should be established
at each site. One alternate cage will almost certainly be needed for each working cage to escape
leathopper damage. The screen covers should be left off these alternate cages unti needed to
prevent a buildup of leathoppers there. A second working cage at each site is desirable to
produce more insects for open-field release during the second year or to provide different plants

and environmental conditions in case establishment fails in one cage.

13. Size and number of plants in cages. Each cage should cover a variety of saltcedar plants
so the control insects ¢an select the best physiological plant variation for their optimum
development. For each cage, 2 to 4 medium-sized plants 8-10 ft tall, should be selected (pruned
back to a height of 3 to 4 fi to fit inside the 6 ft or 8 ft high cage) plus a variety of smaller plahts.
Both old foliage and young foliage should be left intact and new sprouts allowed to grow. The
pruning should be done during the dormant season to allow the sprouts to re-grow in time for the
springtime releases of control insects in the cages. Optimum habitat conditions for the cages are
not known at present. The selection of two different habitats at each site (if more than one

working cages are used) would help to answer these questions.

14. Location of cage. Cages should be situated within a stand of saltcedar, on sandy, well-
drained soil, in an area unlikely to be flooded, and in an area out of sight of the public, or where

the public can be prevented from molesting the cage.

€3
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IV. RELEASE AND MONITORING OF Diorhabda elongata IN FIELD CAGES
(YEAR 1)
A. Objectives:
1. Establish the control insects in field cages and monitor their populations, behavior and effects

on saltcedar and native plants.

a. Document behavior, survival and development throughout the growing season. The
duration of each stage, plus the temperature data recorded and the base developmental
temperature determined in separate laboratory experiments, will allow calculation of day-degrees

required for completion of a generation, and overwintering at each site.

b. Measure net reproduction rate inside the big cage, both inside and outside the sleeve
bags. This will be influenced by climatic and edaphic factors and possibly by arthropod

competitors and/or predators, which also must be monitored.

¢. Document amount of feeding and oviposition (if any) on selected non-target plants

placed inside the big cages.

d. Quantify feeding damage to saltcedar by the control agents inside the big cage.

e. Measure dispersal rate of larvae in the big cages, outside the sleeve bags.

£
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B. Method of Releasing Diorhabda Inside the Field Cages.

) The first releases will be made as soon as suitable insects are available, which probably will be
during May. We gxpect to release eggs, but larvae or adults could also be released, especially
later in the season. We expect to ship a minimum of 100 or 200 eggs to each site for the initial
releases, but if the females in culture reproduce wel.l more could be sent. Additional shipments
could be sent to the sites later in the season if available from the laboratory colonies. The insects
will be shipped by the fastest means and so that tracking is possible if the package is lost. The
insects should be released at the site as soon as possible after being received. Personnel at each

site will be notified by telephone or E-Mail several days before the insects are shipped.

1. Releasing Diorhabda in sleeve bags inside the big cages. We expect that the initial releases
will be of eggs since they ship well and large numbers of “clean” eggs usually can be obtained.

Adults and/or larvae also may be shipped to the release sites, especially later in the season.

a. Releasing eggs. Eggs will be shipped still attached to the twigs or to the nylon bags
where laid by the adult females. Eggs laid in culture sometimes fall off with handling. The
twigs and any loose eggs should be transferred with a camel-hair brush and glued to Nalgene®
paper using Elmers glue and a toothpick. By this method, eggs may be counted in the laboratory,
and the number written on the paper, before going to the field. These papers with eggs may be
laid on the foliage inside the sleeve-bags or securely attached to the foliage (such as with staples
or spring-type clothes pins or paper clips) if released outside the sleeve-bags. Place 10 eggs in

each sleeve-bag, 5 bags in each big cage. If eggs are plentiful and more than 100 can be shipped

€y
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to each site, up to 10 sleeve-bags (100 eggs) should be established in each cage.

As soon as the eggs are fastened to the new terminal foliage, the sleeve-bag should by slipped
over the terminal and the sleeve tied around the stem. The sleeve bags are ca. 12 inches long and
only about this much terminal should be covered by the sleeve-bag. Do not force.much larger
amounts of foliage into the sleeve bag, as this is likely to both raise the humidity inside the bag

and make the larvae more difficult to find.

b. Mark branches for feeding measurement. If 100 eggs are available, select 20 stems

that are approximately equal in size and shape. Measure the distance from the tip of the terminal
to where the sleeve is to be tied (12 inches) and mark this area of the twig. If a portable leaf area
meter is available, measure the amount of foliage from the 12 inch mark to the tip of the branch.
Place a sleeve over each terminal. Randomly select half of the sleeves (10) to receive beetle
eggs. Place a tag on each branch that records the date, stem number, leaf area (if applicable) and
whether or not beetles were placed in the bag. Monitor the larvae, pupae and adults, as per
section C that follows. When new adults emerge, remove them from the sleeve and clip the stem
off at the 12 inch mark. Collect the control stems also. If you have a leaf area meter, measure
the foliage area of all stems (those with and without beetles). Calculate the dry weight of all
stems. Also record the number of beetles that survived in each sleeve. We will compare the
initial leaf are of each individual leaf and the final combined weights of stems with and without
beetles to estimate the amount of foliage consumed in each cage. Knowing the number of

beetles that survived in each cage will allow us to estimate foliage consumption on a leaf by leaf
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basis per beetle during its development.

c. Releasing larvae or adults. These stages may be released into the big cages, either free

or in sleeve-bags. The sleeve-bags are useful for establishing the larvae on a branch or for

obtaining eggs at a specific location. The sleeve-bags may then be removed after 2 or 3 days.

2. Releasing Diorhabda free inside the big cage.

a. Releasing eggs. Eggs should be placed on terminals and covered with sleeve bags as
in paragraph IV.B.1.a above. The purpose is to prevent eggs from falling from the plant and the
larvae becoming lost on the ground, and also to confine the larvae initially to small areas on the
branches. Once the eggs hatch, the sleeve-bags should be removed and larvae allowed to move

about freely.

b. Marking the branch. The branch should be marked with a ribbon or string where the
sleeve was tied. This ribbon should be tied to the nearest side branch, not on the main branch, in
case the ribbon itself might interfere with larvae moving down the branch. This locates the

starting point for larval dispersal monitoring.

c. Releasing larvae or adults. Larvae received should be released into larger sleeve-bags
(10 x 20 in.), up to 30 larvae per bag. After a few days, when they appear to be well established
and feeding on the branch, the bags may be removed. This is a precautionary measure to insure

that they do not fall from the plant before becoming established. No experiments are planned for
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these larvae.

Adults received may be released free inside the cage immediately. They should be placed on the
foliage rather than being dumped on the ground. They also could be released into the large
sleeve-bags for a few days to determine if they survive and oviposit before removing the bags

and setting them free.

C. Monitoring Diorhabda Inside the Field Cages.

1. Monitoring schedule. The life cycle of D. elongata is expected to vary from 20 to 40 days in
the field, depending on temperature. Therefore, frequent monitoring will be needed to closely
determine its phenology in the field. Twice-weekly monitoring is preferred at the more
accessible sites and weekly monitoring is permissible at more distant sites. During the winter,
monitoring may be done only monthly, and only to collect the weather data and confirm security
of the cages and fences. Monitoring should resume bi-weekly in the spring to record the date of
emergence from overwintering quarters and of reproduction. The Diorhabda may be released
from the cages into nature as described in paragraph VI below. On each date, the following

factors should be monitored, and in the indicated manner:

2. Monitoring inside the sleeve-bags.

(1) Egg survival. Afier the eggs have hatched, open the sleeve-bag, remove all

eggs (hold a pan underneath to catch any that may fall), place in a vial with the number of the
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bag, and return to the laboratory and record the number hatched or unhatched.

(2) Larval survival and development. Record the number of each stage or larval

instar present in each sleeve-bag. Note whether dead or alive and behavior. Any manipulation

of the larvae should be done with a small, soft, wet brush. The bags may need to be moved to a
fresh terminal after some days, if the larvae have eaten a substantial amount of foliage. If the

bags are opened, the larvae may drop, so a pan should be held underneath to catch them.

(3) Pupal survival. Allow larvae to pupate inside the sleeve-bags and record the
number. Do not disturb the pupae! Pulling them loose if they are stuck to the bag or foliage
will probably cause them to die. Even manipulating them with a small paintbrush may cause

them to be deformed.

(4) Adult survival, oviposition, age-specific fecundity. Adults that emerge from

pupae in the sleeves may be used to measure fecundity. Estimate when you expect the adults to
begin emerging and begin monitoring the sleeves as frequently as possible, As adults emerge,
carefully untie the sleeve at the free end (the end not tied around the branch). Aspirate to remove
all adults from the sleeve, being careful not to disturb unemerged pupae. Repeat this procedure
for more sleeves until you have 10 adults collected. Establish a new sleeve with these 10 newly
emerged adults. Repeat the procedure until all adults have been removed from the old sleeves.
More adults will appear over time and they will need to be collected and placed in new sleeves.

Collect these adults as often as possible (daily is best if you are close to the site). When there are




30
no more adult to collect from a given sleeve, remove the sleeve and count any eggs that were laid
" (given the 3-4 day pre-oviposition period, few eggs should have bee laid). Also, take leaf area
and dry weight measurement of the remaining stem. When the adult beetles have been in the -
new sleeves for 3-4 days, open the sleeves, remove any dead adults, and move the new sleeve
and the adult beetles to a clean branch. Count the number of eggs laid inside the sleeve every
time you move the sleeve. Place collected dead adults in a vial, record the bag number and date
of death, return them to the laboratory, determine the sex under a microscope, and record that

information. Repeat the above procedure until all adults have died.

(5) Monitoring of 2nd and subsequent generations. Select 50 eggs and place 10

in each of 5 sleeve bags. The best procedure is to leave 10 in place on a terminal, cover with the
sleeve bag, and remove the remainder to other branches for liberation in the big cage, first
covering them until the larvae hatch as in paragraph IV.C.2.a.(1)-(4) above. Repeat monitoring
of the 2nd generation as above for the 1st generation. Repeat this procedure for each generation
throughout the growing season. After 50 eggs have been so established, the remainder produced
by the 1st generation females may be left on the branches; these do not need to be covered with a
sleeve-bag until hatching because, since they were laid under natural conditions in the field, they

are not expected to fall off.

b. QOther insects and spiders. Record any other insects or spiders present in the sleeve
bags and remove them if practical and if they are preying on the control insects or damaging the

plant. Make subjective estimates of numbers and damage caused, and move the sleeve-bag to a
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different terminal if damage is severe. (See paragraph IV.C.3.g below).

c. Measure Feeding on Saltcedar. Feeding by the larvae should be measured each time

the sleeve-bag is moved, but probably only at the end of the larval development petiod when all
larvae have become pre-pupae or have pupated. If populations of D. elongata are at a low level |
during the first generation after release in the cages, measuring feeding damages should not be
attempted, to reduce the risk of damaging the insects in the process. In that case, damage
measurements could wait until the second generation. The sleeve-bag then should be carefully
removed 5o as not to disturb the pupae. Most larvae probably will pupate in the top of the bag
where it is tied to the stem. The sleeve-bag should be cut off before the tie, leaving the tie and
pupae undisturbed. The terminal just distad of the tie should be cut off for measurement of
feeding. A new sleeve-bag should be placed over the cut terminal, with the tied part of the old
bag (with pupae) in place, and including enough foliage for adult food after they emerge. Any
pupae found on the foliage of the old terminal, or on parts of the old bag, should be cut off still
attached to a tiny part of the old terminal or bag and placed in the new sleeve-bag for emergence
of adults. The paired control terminal should also be cut at the ribbon tie, placed in a plastic or
paper bag, and both returned to the laboratory, dried, and dry weight of each recorded. The
difference between control and the fed-on términal will estimate the amount of feeding during

the larval stage.

The effects of leathopper feeding (if any) should be differentiated from Diorhabda feeding.

Diorhabda chew the foliage and leafhoppers suck the sap, but the effects may not be easily



distinguished. (Hopefully, more information on this will be obtained as the season progresses).

3. Monitoring inside big cages (but outside the sleeve-bags). Larvae liberated inside the big
cagc' during the first generation were from eggs placed in sleeve-bags until they hatched;
therefore, the larvae begin their development clustered on the terminal 12 inches of the branches.
Larvae of subsequent generations will be mostly from eggs laid by adults free in the cage and

will not be clustered.

a. Larval survival, development and dispersa] {}st generation). Record the number of

each instar on the terminals of 5 branches and record the distance from the original location of
the sleeve-bag. This will estimate larval dispersal and larval survival and development outside
the sleeve-bags. The accuracy of the survival measurement will depend on whether the larvae

crawl too far to be found or fall from the plant, factors not known at this time.

b. Population increase of all stages of Diorhabda. After egg laying by the first

generation of adults is complete, randomly select and mark 10 to 20 50 cm long terminals
(including flowers). Count the number of eggs on each terminal. When egg hatch is complete,
remove these eggs from the terminals. After egg laying is complete for the next generation,
again randomly select 10-20 50 cm-long terminals in the cage (it doesn’t matter if the same
terminals are randomly selected again) and count the number of eggs on each terminal. The
number of eggs in generation 3 divided by the number of eggs in the previous generation will

give us an estimation of population increase (net reproductive rate). Use the life table below to

il
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calculate this.

LIFE TABLE:

Stage (x) Number dying Percentage Number of eggs
during the stage surviving at beginning laid (m,)
(dJ of stage (1,)

Egg

Larva

Pupa

Adult Female
Days 0-3

Adult Female
Days 4-6

Adult Female
Days 4-6

Adult Female
Days 4-6

Adult Female
Days 4-6

Egas

The net reproductive rate is ¥ 1,m, or the number of eggs in generation 2 divided by the number
of eggs in generation 1.

¢. Measure preference for different parts of the plant. Examine as in paragraph b above

and record all stages on a 50-cm section of old growth on the bottom half of the plant. The
quality of the old growth will change throughout the season. Also, briefly examine the plant and
record where the most larvae eggs and adults occur - on young terminals or old growth; on top,

middle or lower parts of the plant; north, south, east and west sides of the plant; on flowers; on

5%§IE
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older plants or young plants in the cage, on the periphery or the interior of the plant, etc. Count
eggs or larvae on two 30-cm terminals in each of these categories without disturbing them or

removing them from the plant.

d. Document pupation. At the end of each larval generation, examine visually and record
the number of pupae found in two transects under a larger tree. Transects should be 25 cm wide
and extend outward from the base of the trees for a distance of 2 m. Record pupae found in each
25 cm section from the tree base outward. Pupae are bright yellow and a're expected to be found
under litter on the soil surface under infested trees. They may form a loose ball of lifter around
themselves. They may pupate in cracks in the soil or 1 to 2 cm deep in loose soilr. Great care
should be taken to search for the pupae gently and to cause them the least disturbance possible.
Our experience shows that disturbance may cause the pupae to die or that weak adults may
emerge. These observations should not be attempted until the 2nd or 3rd generation, and until
the beetles are reproducing well, so as not to deplete the population if the observation method

reduces pupal survival.

e. Document overwintering. In late winter or early spring, examine 25 cm? areas under
infested trees and record the overwintering stage of Diorhabda, which could be mature larvae,
pupae or adults. In the spring, when maximum daily temperatures rise above 10°C (50°F) begin

weekly or twice weekly monitoring to detect the first adults or other active stages. Also record

bud-break and shoot elongation.
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f. Quantify feeding damage to saltcedar. All damage estimates will include damage by

other insects, most probably by leathoppers. Therefore, an attempt should be made to judge the
effects of Diorhabda separately from that of the other insects and to estimate the populations of

all insect species (see g. below).

(1) Measure damage to the plants at the end of each larval generation, inside the

big cages.

(2) Measure dry weight of 10 each 10-cm long lateral terminals cut from plants
inside the big cage that represent average damage conditions within the cage. Also, cut 10
similar 10-cm long lateral control terminals from outside the big cage, also measure dry weight.
The difference in dry weight between control and insect damaged terminals estimates dry weight

consumed by the insects.

(3) Visually estimate “damage categories” that represent damage inside the big
cage. Categories are: no apparent damage, 5 to 10% damage, 10-35% damage, 35-70% damage,

70-90% damage, 90-100% damage.

(4) Use of an electronic leaf area meter is being investigated. If this method

appears feasible, monitoring personnel at the various sites will be notified.
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g. Estimate population of other arthropods. Our past experience in caging saltcedar, and

the work of others (Liesner 1971) indicates that the exotic leathopper, Opsius stactogalus, and
various spider species may rapidly increase to very high levels inside cages. The leathoppers
may kill all the foliage on the saltcedar plants, which then will deprive Diorhabda beetles of their
food resource and cause their death. The spiders probably feed on the leafhoppers but also may
prey on the Diorhabda larvae and adults. Sometimes, the tiny, white, exotic, scale insect,
Chianapsis eutrusca, also may attain populations sufficient to kill the foliage and small branches.
Other predaceous and phytophagus insects may enter and increase within the cages. While these
insects seldom increase to high populations in nature, they can seriously compromise our
attempts to establish Diorhabda and to monitor its populations and effects on saltcedar in cages.

Populations of the arthropods in the large cages should be monitored as follows:

(1) Visually examine the plants in the cage and determine areas with leathoppers,

spiders or other insects.

(2) Sample four terminals each week (or each 2 weeks) that represent population
levels in the cage. Sample the insects by shaking 50 cm-long terminals into a sweep net. Then
dump the insects an:i spiders into a transparent plastic bag, collect all insects and spiders with an
aspirator (omitting the plant trash and the Diorhabda). Remove the Diorhabda larvae and adults
and place them back on the growing plants. Quickly open the aspirator and dump the insects

into a small glass killing jar. The jar can be made with ca ' inch of plaster of Paris in the

bottom, onto which ethyl acetate has been poured and soaked into the plaster, and the bottle

o
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closed with a large cork (not rubber) stopper. After the insects die (a few minutes) they may be
left in the killing bottle, or transferred to a vial or small metal sample box, covered with tissue
paper, labeled and returned to the laboratory for identification. Immature insects must be rapidly
transferred to alcohol or other appropriate fluids according to standard entomological procedures,
Alternatively, all insects may be dumped from the aspirator into a vial of 70% ethanol in the
field, then those to be pinned should be removed that night and stored dry or pinned for
identification, counting, and recording. More than a few hours in alcohol will destroy certain
insects (sﬁch as leathoppers) for identification. More detailed insect collecting and presewing

techniques will be furnished by the Insect Monitoring Team.

Record damage to non-target plapts inside the big cage. At each site, non-target
species of importance in riparian areas may be established in the big cages for a field host-range
test. These species could include willows, cottonwoods, seepwillow baccharis or other species.
The plants could be planted in the soil or placed in pots inside the big cage; they must be watered
frequently until well established; “Dri water” could be used at remote sites. These species

already have been tested extensively in quarantine at Temple, TX but not under field conditions.

On each monitoring date, these plants should be carefully examined visually and the numbers of
each stage (adults, eggs, larvae) of Diorhabda recorded. If larvae or adults are feeding on the
plants the amount of feeding should be recorded. If oviposition or feeding is discovered on these
plants, the Chairman of the Insect Monitoring Team of the Saltcedar Consortium must be

notified immediately. In the history of biological control of weeds, non-target feeding by the
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control agents sometimes has occurred when the control agents reach high populations, then eat
most of the target weed and spill over onto nearby non-target plants. This almost never
continues after peak population passes but such an occurrence must immediately be analyzed
carefully by the Insect Monitoring Team.

V. RELEASE AND MONITORING OF TRABUTINA IN FIELD CAGES

A. Objectives:
1. Establish reproducing and overwintering colonies of Trabutina on saltcedar plants in field

cages.

2. Document behavior, survival, reproduction, and development throughout the growing season

and time required for completion of a generation.

3. Measure population increase between generations.

4. Document dispersal by crawlers inside the cage.

5. Quantify damage to saltcedar inside the cages.

6. Document infestation of and development on non-target plants inside the cages.
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B. Methods of Releasing Trabutina in Field Cages.
The first releases will be made as soon as suitable insects are available, which probably will be
during May or June. We expect to release egg sacs, but crawlers could also be released,
especially later in the season. We expect to ship a minimum of 10 to 15 egg sacs to each site for
the initial releases, but if the females in culture reproduce well more could be sent. Additional
shipments could be sent to the sites later in the season if available from the laboratory colonies.
The insects will be shipped by the fastest means and should be released at the site as soon as
possible after being received. Personnel at each site will be notified by telephone or E-Mail

several days before the insects are shipped.

1. Release in sleeve-bags. Egg sacs most likely will be shipped for release at the sites.
Crawlers may be sent on some occasions, depending on availability and timing of the nursery

cultures.

a. Releasing egg sacs. Egg sacs should be released as soon as possible after being
received at the release site (either the same day or the next day), before the neonate nymphs
emerge. The egg sacs will arrive attached to a small section of stem. This stem with attached
egg sacs should be tied to the stem of a terminal branch of a saltcedar plant growing in the big
cage, then covered with a nylon-plastic sleeve-bag, and the sleeve tied around the branch. From
3 to 5 egg sacs should insure strong establishment. Establish 5 such sleeve bags in the big cage,
each on different branches and some on different plants in the cage. Each sleeve-bag should be

marked with a numbered tag.

i
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b. Releasing crawlers. Sometimes, crawlers may be shipped or hand carried to the sites.
These probably will be on growing, potted plants. Past attempts at establishing crawlers has
been mostly unsuccessful, but if received, an atternpt should be made to establish them. If some
crawlers have emerged in the shipment of egg sacs received, these could be released in the field

cages also.

Probably, the best way to establish crawlers is as follows: Cut the potted stem with crawlers
attached, intertwine it with foliage from a terminal of a plant inside the big cage, tie the entwined

branches together loosely with string, and either enclose it in a sleeve bag or leave it unbagged.

2. Releasing Free (Not in Sleeve-bags) Inside the Big Cage. Follow the same procedures as
above for either egg sacs or nymphs. Part of the egg sacs received should be released free in the
big cages as above, but not covered with a sleeve bag. If two big cages are available at the
release site, the egg sacs in sleeve bags should be placed in one cage and the unbagged releases
made in the other big cage. In this way, dispersal of the crawlers coul& be measured inside the
cage without interferring with the population monitoring of the sleeve-cage, fixed-location

monitoring.
C. Monitoring Trabutina in Field Cages.
1. Schedule of Monitoring. The life cycle of T. mannipara is expected to vary from 30-40 days

in midsummer to 90 days or more during the cooler seasons. Therefore, weekly monitoring

(it



41
during the first growing season probably will be sufficient to determine its phenology in the
field. More frequent monitoring probably is not necessary because a) the crawlers are unlikely to
be found, b) settled nymphs become easily visible only after they begin secreting wax, which
requires several days, ¢) and development through the nymphal stage is slow and instars are
diﬁicult to distinguish. During the winter, monitoring needs to be done only monthly, to
determine the condition of the cage, to download the weather data, and to confirm the condition
of the overwintering stages of Trabutina. Monitoring should resume each week in the spring to
record the date of emergence from overwintering quarters and of reproduction. The Trabutina

may be released from the cages into nature after overwintering is demonstrated.
2. Monitoring Inside the Sleeve-bags.

a. Development: crawlers to egg sacs. On each sampling date, record the number of

crawlers (if they can be found), small nymphs without wax, nymphs with a small amount of wax,

nimiphs with much wax, small egg sacs, and large egg sacs.

Establish the colonies in sleeves (one egg sac per sleeve), with multiple stems in each sleeve (as
many as practical). Remove the sleeve after the crawlers settle. It will be much easier to count
and monitor them without the bag and the insects should stay in place. At the end of the

generation the number of egg sacs can be counted for a calculation of the net reproductive rate.



42

b. Generation time, reproduction rate. These parameters may be estimated for the period

from mature egg sacs released, to mature egg sacs of the next generation. Size of egg sacs
should be measured to obtain an estimate of numbers of eggs (already known for different sizes
of egg sacs). However, losses probably will be so great, and nymphs so difficult to count, that
rate of increase will be most closely estimated from egg sacs of each generation, possibly with a
weighing factor for sizes of egg sacs. These monitoring and population estimates may be

repeated for each generation produced.

c. Other arthropods in the sleeve-bags. Numbers of spiders, leathoppers and other

insects in the sleeve-bags, and notes on the amount of damage to the plant, should be recorded on
each monitoring date.‘ In the previous field nursery cages at Pueblo and Temple, large
populations of leafhoppers have developed inside the bags that killed all the foliage. Unlike
Diorhabda, the Trabutina cannot be moved to a fresh terminal because only the crawlers are
mobile. Attempting to move later stages, either directly or by cutting off sections of stems, will
probably kill the nymphs or adults in the egg sacs. At the present time, we cannot suggest a
reliable method for preventing damage from leafhoppers. The best (but untried) method may be
to remove the sleeve-bag, catch the leathopper adults with an aspirator, brush off or mash the

¢

nymphs, and either replace the bag or leave it off.

d. Transfers after first generation. Past experience in the quarantine greenhouse at

Temple (on uncaged, potted plants) indicates that more than one generation probably cannot be

maintained in a sleeve-bag. If several 2nd generation egg sacs are produced, the number of
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nymphs produced probably would rapidly kill the terminal and the nymphs would also die.
However, since both nymphs beyond the crawler stage and adults are immobile, little is to be
gained from holding them in sleeve-bags. A better concept is to remove the sleeve-bags as soon
as the small, white nymphs become visible, and continue to monitor the population that, although
uncaged, will remain fixed at the same location on the terminal. To measure population increase,
all mature egg sacs produced by the 1st generation nymphs should be transferred to new sleeve-
bags, a few in each bag, and recorded all together for the 2nd generation total. If many egg
masses were produced by the 1st generation nympbhs, then a subsample of 5 or 10 egg sacs could
be used in a similar manner. Again, the sleeve-bags should be removed when the small-white
nymphs become visible, and monitoring of the 2nd generation should continue as described

above for the 1st generation.

3. Monitoring in big cages (but outside the sleeve-bags). The nymphs free in the big cage
will have developed from crawlers that dispersed from the egg sacs tied to the saltcedar
terminals; they may be restricted to a small area on the original release branch or they may have
dispersed throughout the cage. In Israel, egg sacs are found mostly on twigs 1/8 to 1/4 inch
diam; in quarantine at Temple, nymphs were found mostly on tender, young terminals. Males
have only been found in quarantine at Temple, TX (see Section .B.1). Observe and record their

presence (if aﬁy) in the cages.

a. Survival, dispersal and development of nymphs. Visually examine all (or most) of the

foliage inside the big cage to locate areas where the white nvmphs have established. Then,
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permanently mark 10 representative 20-cm-long terminals and record weekly the number of
small and large nymphs, and small and large egg sacs. Attempt to determine if nconate nymphs
are, or can, crawl through the 20 x 20 mesh screening of the big cage and become windblown or

otherwise escape from the cage. Observe any attack by predators or other mortality factors.

b. Preference for different parts of the plant. Record the part of the plant (top, bottom,

foliage, flowers, stems, north, south, east, west, old foliage-stems, new foliage-stems) on which

nymphs and egg sacs are found.

¢. Overwintering. Document the stage of the mealybugs and the location on the plant
where overwintering occurs. Resume weekly monitoring in the spring to document the date of

emergence from overwintering quarters and the beginning of reproduction.

d. Mutualism between Trabutina and ants. In Israel, egg sacs are always tended by ants,

which feed on honeydew produced by the mealybugs and that build protective webs of saltcedar
litter over the mealybugs. In quarantine at Temple, Trabutina developed well through 2
generations without ants, Careful observations should be made in the cages to document any

relationship between ants and the Trabutina.

e. Quantify damage caused to saltcedar by Trabutina. The most easily measured damage

produced by Trabutina is likely to be dieback of infested twigs. Other, more extensive damage

may be chlorosis of the foliage and wilting of tender terminals. If such damage is found, 4 to 6

Bt}
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terminals, each 50 cm long, should be selected and the damage quantified and recorded monthly
throughout the remainder of the growing season and that of the following year. Paired
undamaged terminals should be measured in a similar manner. If all terminals in the cage are

damaged, then paired terminals outside the big cage may be selected.

f. Estimate populations of other arthropods in the cage. This may be estimated in the

same manner as for Diorhabda (see Section 1V.C.3.g).

g. Record damage to non-target plants inside the big cage. At each site, non-target

species of importance in riparian areas may be established in the big cages for a field host-range
test. These species could include willows, cottonwoods, seepwillow baccharis or other species.
The plants could be planted in the soil or placed in pots inside the big cage; they must be watered
frequently until well established. These species already have been tested extensively in

quarantine at Temple, TX but not under field conditions.

On each monitoring date, these plants should be carefully examined visually and the numbers of
each stage (adults, eggs, larvae) of Trabutina recorded. If developing nymphs or egg sacs are
discovered on these plants, the Chairman of the Insect Monitoring Team of the Saltcedar
Consortium must be notified immediately. In the history of biological control of weeds, non-
target feeding by the control agents sometimes has occurred when the control agents reach high
populations, then eat most of the target weed and spill over onto nearby non-target plants. This

almost never continues after peak population passes but such an occurrence must immediately be
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analyzed carefully by the Insect Monitoring Team.

VL. MONITORING IN NATURE OF DISPERSAL, POPULATIONS AND BEHAVIOR
OF LIBERATED CONTROL INSECTS

(ZND AND 3RD YEARS)

The procedures described in this section are suggestions only and may be modified following the
first year’s experiences in the cages. Site personnel should make suggestions for improvements

to the Insect Monitoring Team.

A. Objectives:
1. Determine establishment (development of self-sustaining, year-round populations) of control

insects on growing saltcedar plants in nature.

2. Quantify reproduction, development, mortality (parasitism, predation, disease), and

population increase of the control insects in nature.

[

3. Describe behavior [mating, oviposition, feeding by immatures and adults, and part of plant (or

off-plant areas) utilized] for feeding and development of immatures and adults.

4. Determine the seasonal cycle, number of generations, overwintering.
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5. Quantify distance of dispersal of the control agents over time.

B. Method of Liberation.

A stepwise method of liberation of the control insects into nature (uncaged conditions) is
recommended fo-r two purposes, 1) to determine the effect of the natural enemies in nature (in
paired caged and uncaged releases), and 2) to conserve a population of the contro} insects in
nursery cages for additional release attempts in case the first attempts fail. If the large,
overwintering cages were simply removed, allowing the control insects to disperse naturally, the
control insects most probably could not be found again making monitoring uncertain; also, if
they did not establish, the reasons could not easily be determined and numbers would not be |
available for another attempt. If permission is obtained from FWS and APHIS, the big cages
should be removed in the fall after movement by Diorhabda has ceased, and replaced in the
spring before movement begins again. This is to allow natural moisture and snow cover for the
overwintering stages. If permission is not obtained, the overwintering cages should remain
closed until overwintering is demonstrated and “establishment” in those cages (oviposition by
overwintering adults and reproduction sufficient to maintain a population) is demonstrated in the

spring.

The procedures described for the open-field monitoring may be modified after data from the year

1 releases in field cages is analyzed.

1. Diorhabda elongata (leaf beetle). The stepwise procedure for liberating the Diorhabda
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beetles involves transferring some beetles to trees in the open, and transferring some to a new big

cage to preserve a population in case the first attempt fails.

a. Transfer to uncaged trees. Transfer some eggs, larvae and/or adults to uncaged

saitcedar plaqts in nature. A paired test should be made in which half of the control insects are
placed on unbagged branches and half on branches covered by a sleeve-bag, 5 to 10 or more
branches (replications) of each, each replication on a different tree. Additional control insects (if
available) could be liberated on branches of other trees that are not part of the paired test. The 12
X 18" flexible insulafion sheet should be placed over the sleeve-bag only, as previously done

inside the big cages (see Section III.C.4).

This test is an attempt to measure reproductive rate in thé field, with various predators present,
that can be compared with reproduction in the cages without predators. The test may fail if the
larvae disperse, or fall from the plant, and cannot be found. The effects of predation on eggs can
be measured by allowing females to oviposit in sleeve-bags, then removing haif the bags and

retaining the other half, then counting remaining eggs over time in both treatments.

¢
b. Transfer to another big cage. Transfer some eggs, larvae or adults as above, to

saltcedar trees in another nearby large cage. A paired test of bagged and unbagged branches

could be made inside the large cages as above.

c. Remove first cage. After establishment in the new large cage, the old cage may be

£



49

removed, allowing any other control insects to disperse.

d. Stage to transfer. Transfers of Diorhabda should be made using eggs, larvae or adults.
The large cages should be opened (if this is desired and the nursery cages are no longer needed)

before the adult Diorhabda beetles emerge, since only the adult stage is capable of dispersal.

New sleeve bags may be established for the next generation (if desired) using adults emerged in

the large cages or collected in the field.

2. Trabutina mannipara (mealybug). The most successful method of manual transfer that we
have found to date is to transfer mature egg sacs before the neonate crawlers emerge. The
procedure is to cut off twigs with the egg sacs attached and tie them to a fresh, growing terminal
branch of another saltcedar plant. Care should be taken that most of the eggs have been laid
inside the egg sac, because detaching the twig, and stopping the sap flow, will likely starve and
kill the female. A strong colony may be established with 3 or 4 good egg sacs. Attempts to
transfer crawlers after emergence from the egg sac have consistently failed in our laboratory
studies, although thereotically this should be a successful method. The most probable reason for
failure is that the crawlers are short lived and did not find a branch on which to feed until their
energy was exhausted. To be successful, small twigs probably should be cut from the infested
branch and quickly tied to a new branch. Very small twigs should be transferred so the crawlers
don’t have to move far to find the new branch. Liberation of Trabutina is very similar to that of

' Diorhabda, described above:

£
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a. Transfer to uncaged trees. Transfer mature egg sacs of 7. mannipara (before the
crawlers emerge) to branches of saltcedar trees, both bagged and unbagged, to establish the

paired tests as for Diorhabda.

b. Transfer to ancther big cage. Transfer some egg sacs, as above, to saltcedar trees in

another nearby large cage. A paired test of bagged and unbagged branches could be made inside

the large cages.

¢. Remove first cage. After establishment in the new large cage, the old cage may be

removed, allowing any other control insects to disperse.

d. Stage to transfer. Transfers of Trabutina should be made using mature egg sacs before
the crawlers emerge (or crawlers if this method can be developed), since the crawlers are the only
stage that are mobile and able to establish on a new branch. The large cage should be opened (if
this is desired and it is no longer needed as a nursery) at the same time during the life cycle, i.e.

before the crawlers emerge from the egg sacs.

The sleeve bags should be opened each generation before the crawlers emerge, and new _slcevé
bags established by transferring egg sacs to a fresh branch and recovering with the sleeve bag, so

that sufficient foliage of good quality is available for another generation.

Rt
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C. Schedule of Monitoring Control Insect Dispersal and Population Increase.

Sampling frequency will depend on the occurrence of the dispersal life stages of the control
insects: of adults for Diorhabda and of crawlers for Trabutina. Dispersal is projected to take
place at discrete intervals, only when these stages are present, and theoretically, sampling needs
to be done only during this period, or once each generation. However, in practice, discovery of
the control insects in the field probably will be delayed, depending on how long the new

immigrants must grow to be readily detectable.

The dispersing adults of Diorhabda may be easily discovered by sweeping with a net, or by
collecting in light traps or by chemical attractants (however, their attractance to lights presently

is unknown and no chemical attractants have yet been developed).

The dispersing crawlers of Trabutina probably cannot be found in nature. The first stage that can
be detected probably will be the medium-sized nymphs (mid-to late 2nd instars or early 3rd
instar) after they begin producing the white, waxy filaments that cover their bodies; this probably
will occur 3 to 4 weeks after the nymphs have dispersed. The dates when sampling should be
done can be determined by the appearance (visibility) of the nymphs still maintained in the

sleeve-bags, or in other known infestations at the release site.

Initial establishment, feeding and development of the first generation outside the field cages is
critical. The released eggs and/or larvae should be examined twice weekly during this period to

determine establishment.
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D. Sampling of Control Insects Placed in Sleeve-bags on Plants in Nature.

1. The leaf beetle, Diorhabda elongata. If the larvae are in nylon sleeve-bags with insulation
“roofs”, they should be transferred to fresh terminals and re-caged if their feecﬁng has damaged
so much foliage inside the bag that their food supply may be endangered before the next

examination.

Procedures are similar to those described in Section IV.B.1 above. Twice weekly, the following
counts should be made inside the sleeve-bags: a) number of eggs hatched (if eggs were placed in
the cages), b) number and instar of living or dead larvae present, ¢) amount of feeding on the
plant, d) number of other insects and spiders present, and e) plant condition. Data may be

recorded on Form Al, also used for insects monitored inside the field cages.

2. The mealybug, Trabutina mannipara. For the paired sleeve-bagged and unbagged tests,
conduct the monitoring as in Section V.D.1-6, except that monitoring of mealybugs liberated in
nature will be similar to that for mealybugs in cages as described in Section V.D. and as for

Diorhabda, paragraph VI.D.1 above.

E. Sampling Liberated, Uncaged Control Insects in Nature.

On each sampling date, careful visual surveys should be made at increasing distances away from
the release site, until the limit of dispersal has been determined. These surveys should be made
both upstream and downstream from the release site, or if the site is within a broad, large

saltcedar infestation, then along four directions from the release site. Once the limits of
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dispersion are determined, population estimates of the control agents and the amount of damage

to saltcedar should be measured at appropriate distances along the dispersal gradients.

1. The leaf beetle, Diorhabda elongata. These beetles may be adults released from the

overwintering or secondary field cages or reared from eggs or larvae that were liberated, and the
eges, larvae and adults that develop from them in subsequent generations in the field. During the
first growing season after release from the overwintering cages, conduct sampling and behavioral

observations every two weeks.

a. Visual examination. Carefully examine saltcedar trees in the area near the cage and at
increasing distances from the cage to determine the area in which the control insects have moved.
Brief sweep samples may also be taken to determine presence or absence in an area. Adults and '
large larvae of Diorhabda will be the easiest to find. If the plants are much damaged, this may
be seen first. Cast first-instar larval skins often remain attached to the plant (if not too windy)
and can be seen easily if backlighted in the sunlight. The best location on the tree in which to
search for the insects should be determined from the results of behavioral studies conducted in

the big cage during year 1 (Section V.B.2.b above).

b. Sweep-net sampling. When the distribution of the insects is determined by the above
methods, populations may be measured by shaking the saltcedar branches into a sweep net: shake
5 branches from each large tree or fewer branches from multiple smaller trees to make a total of 5

branches, and count the numbers of each stage of the beetles. This will give relative populations
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along the gradient of dispersal.

¢. Examination of Plant Terminals. By this method, estimates of absolute populations
can be obtained that can relate insect numbers to saltcedar foliage volume, area infested, etc.

Samples can be taken by:

Counting the numbers of each stage of the beetles per 50 cm of terminal branch. Samples may
be taken from top and lateral terminals on each tree, on 2 to 4 trees at each distance interval, at
distance intervals such as 20, 50, 100, 500 m etc. from the release site, both upstream and
downstream, or along transects in 4 directions within a large, broad infestation. If the results
from year 1 in the big cages indicate a preference of the beetles for a part of the tree (Section
V.B.2.b above) the samples should consistently be from the same part of the tree to avoid biasing

the data.

2. The mealybug, Trabutina mannipara. These mealybugs may be egg sacs released from the
overwintering or secondary field cages or reared from egg-sacs that were liberated, and nymphs
or egg sacs that develop from them in subsequent generations in nature.

During the first growing season after release from the overwintering cages, conduct sampling and
behavioral observations every two weeks. Carefully examine saltcedar trees in the area near the
cage and at increasing distance from the cage to determine the area in which the mealybugs have

moved. The white masses of nymphs and the egg sacs should be readily visible on the plants.
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VII. MONITORING EFFECTS ON VEGETATION
A. Damage to Saltcedar in Nature.
Damage caused by the control insects should be quantified in nature along the same dispersal
gradients where control-insect populations are monitored. Damage evaluation of saltcedar is
particularly difficult because of the growth form of the plant foliage, making the direct
measurement of the amount of feeding virtually impossible. Also, the measurement of feeding is
insufficient for measuring damage. Observations of heavily damaged plants in Turkmentstan,
Kazakhstan and China reveal that, in addition to the foliage consumed, much foliage had died
and remained hanging on the plant, apparently the result of the beetles feeding on small stems

which had then caused the death of the foliage distad of that point.

1. Direct measurement of foliage consumed and killed. In practice, this is very difficult to

measure.

2. Visual assignnient to damage categories. This method will depend on the skill of the
person making the assignments in the field, and the use of guideline photographs obtained from
the field cages during year 1 (which are likely to be influenced by leafhopper damage).
Evaluation will depend on the visual summation of the foliage consumed, and the foliage killed
but remaining on the plant or already fallen off, compared with healthy foliage remaining on the
plant. Suggested categories are: no apparent damage, 5-10%, 10-35%, 35-70%, 70-90%, 90-

100% damage.

Ca
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3. Dieback of branches. Select trees of different sizes at different distances from the release
site and measure the length of dead branches on each tree. Sample 30 small plants (1 to 4 ft
high), 10 medium-sized plants (6 to 10 ft high, 3 to 6 ft canopy diameter) and 3 large plants (10
to 25 ft high and 10 to 30 ft canopy diameter) at each distance from the release site. Measure the

same trees repeatedly, in June and September of each year.

4, Reduction in density and size of living trees. Establish three permanent transects, each 3 m
wide and 50 m long at different distances from the release site. Measure height, number and size
of stems, and canopy diameter of each saltcedar plant along the transect. Locate transects with a
variety of sizes of saltcedar plants, rather than locating them randomly. The transects at the
release site will be established and counted at the end of the first year (before insects are released
from the big cages) to obtain baseline data, and annually in June thereafter. Location of more

distant transects will be determined from the data on the dispersal of the control agents.

5. Remote sensing. During the first or second year, baseline remote sensing data will be
obtained at each site, by high resolution, 9" aerial photography film, flown from 5,000 ft, with
the release cage located in the center. This resolution can detect the size and shape of individual
medium-sized trees. The sites should be flown in late fall, when the saltcedar trees have turned a
golden-orange color just before leaf fall. Re-flights will be made when damage and expansion of

damaged areas becomes apparent from the ground surveys.
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B. Damage to Non-target Vegetation in Nature.
Damage to non-target plants in nature is not expected, based on laboratory tests performed

during the quarantine studies, testing and surveys done overseas, and literature and museum

" records. The additional data from the big sleeve cages at each release site, under very high

population pressure to feed and oviposit, also should be evaluated. The proof of all these
observations and experiments will lie in whether the control insects oviposit, feed, or complete
their development on non-target plants in nature, uninfluenced by any previous cage artifacts that

sometimes predict feeding that does not occur in nature.

1. Visual examination. Non-target plants shouid be examined visually in areas near the release
site and in areas into which the control insects have dispersed, especially in areas where control
insect populations on saltcedar are high. These examinations should search for adults, eggs,
larvae and feeding damage on the plants. Adults on a plant means little unless feeding and
oviposition are occurring, and feeding alone means little. Oviposition also means little unless the

larvae feed and complete their development on non-target plants.

VIII. CLIMATE AND PHYSICAL ENVIRONMENT MONITORING
Most of the paran":eters to be monitored that relate to the control insects and their effect on
saltcedar, will be strongly influenced by the physical environment. These include whether or not
the control insects become established, their survival, rate of development, number of

generations, seasonal occurrence, behavior, dispersal rate, and amount of damage to saltcedar.

For example, preliminary information indicates that high relative humidity or excessive moisture
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may be harmful to the Diorhabda inside the sleeve-bags and may favor the leathoppers inside the
big éages. Flooding may drown Diorhabda pupae and excessively high or low temperatures may
limit control insect establishment and/or population levels. Some of these physical factors are
scheduled for monitoring by the Abiotic Factors Monitoring Team. However, since a knowledge
of these factors is essential to the Insect Monitoring Program, monitoring of some of these
factors (temperature, humidity, rainfall) are included here. Other factors (soil type, soil salinity)
should be measured at the beginning of the insect program. All data on these abiotic factors will
be shared between all the monitoring programs. These abiotic factors should be monitored as

follows:

A. Temperature and Humidity.

These parameters should be monitored continuously inside the sleeve-bags, inside the big cages
but outside of the sleeve-bags, and outside the big cages. Monitoring should be with an
automatic data logger such as the “Hobo” brand, set to record each 15 min. These recorders
should be shielded from direct sunlight undemeam the sleeve-bag insulation board shields and
under a similar shield outside the cage. Data shpuld be downloaded at each monitoring date so it
will not be lost in case the recorder malfunctions or is damaged or stolen.

B. Precipitation.

A continuously recording gauge to measure rainfall and snowfall should be established at each

site.
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C. Soil Type.
Soil type should be determined at each site, to include percent sand, clay, etc. as well as organic

matter and nutrients. This should be measured at the 0-2 inch and at the 12 inch levels.

D. Salinity: Soil and Groundwater.
Salinity of the surface soil may influence pupation by Diorhabda, and should be analyzed at the
beginning of the monitoring program. Information on groundwater salinity should be obtained

from the Abiotic Factor Monitoring Team.

E. Depth to Groundwater.

This factor should be measured monthly to obtain seasonal variation between the wettest and the
driest times of year. Hourly diurnal variation also may be recorded at critical times during the
year. This monitoring will require recording gauges in wells and should be performed by the

Abiotic Factor Monitoring Team.

IX. PLAN FOR SUPPRESSION OR ELIMINATION OF CONTROL INSECTS IF
EFFECTS ARE DETRIMENTAL
Both the 28 August “Proposal to Fish and Wildlife Service” and the Environmenta! Assessment
require a contingency plan for the use of insecticides to suppress or eliminate the contro! insects

if they cause or threaten harm to the ecosystem.

£y
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A. Criteria for Declaring Effects to be Detrimental.
1. Research data reveals that the control insects are able to complete their life cycle and
reproduce in sufficient numbers to damage non-target native species or other moderate or highly

beneficial plants.

2. The control insects quickly kill saltcedar trees at the release sites and give indications of rapid

movement away from the sites.

B. Action to be Taken.
Immediate notification will be forwarded to the Chairman of the Saltcedar Consortium, who will
immediately notify the Chairman of USDA-APHIS-TAGIBCAW, and to appropriate personnel

of USDI Fish and Wildlife Service.

1. If the control insects cause important damage to non-target plants, the Saltcedar Consortium
and the concerned Agencies will consider, and require if justified, that applications of
insecticides and/or other appropriate controls be made to eradicate the control insects at all sites.
It is important that such action be initiated quickly, before the control insects disperse beyond the

area where control is possible.

2. If the control insects quickly kill saltcedar trees at the release sites and give indications of
rapid dispersal away from the sites, the Saltcedar Consortium and the concerned agencies will

consider, and require if justified, that insecticides and/or other appropriate controls be applied in

€y
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sub-lethal doses to slow the effects or dispersal to acceptable levels. This, in itself, will include

various research treatinents to determine proper materials, dosages and methods.

€y
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Photographs and Sketches

Figure 1. Saltcedar leaf beetle adults and 1% and 3™ instar larvae feeding on Tamarix.
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. Figure 2A-C. The manna mealybug, Trabwting mannipara. A) Colony of adult mealybugs
on Tamarix. B) Close-up of two adult females exuding honeydew from within ovisacs.

C) Nymphs of T. mannipara developing on Tamarix.
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Field cage with gated fence at Pueblo, Colorado.
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Figure 4. Sleeve cage for monitoring insect development.

1. Cut center out of 2 liter coke bottle (57).
Make sure to cut off the rounded portions
and the top and bettom ~ if a rim is lefi the
plastic will collapse.

E— 2. Cut two pieces of organdy (12"x13") and
fashion them into cylinders using a sewing
machine with a fine stitch length or glue

5" them together with DAP (silicone type
product that sets fast.

e 3. Auach the organdy cylinders 1o cach side
of the plastic cylinder using DAP or similar
product. Hot glue does not work {melts in
the sun!)

Figure 5. Protective roofs for sleeve bags to protect small larvae from rain,
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USDA
=

United States Department of Agriculture
Research, Education and Economics
Apl‘il 13, 1999 Agriculturai Research Service

Mr. David Morrison

Resource Manager

Planning and Public Works Department
Yolo County

292 W. Beamer St.

Woodland, CA 956853

Dear Mr. Morrison:

The US Department of Agriculture, Agricultural Research Service is working with a
number of different public and private groups to develop new methods to control invasive
plant species such as saltcedar and giant reed. Both of these species are invading the
Cache Creek riparian area in your county. We are currently working with the Cache
Creek Conservancy, Team Arundo del Norte, the US Fish and Wildlife Service and the
University of California in evaluating the use of biological control to help reduce the
impact and spread of these detrimental plants throughout the state of California and in
other states in the west. We have been in communication with others in your department
about this project but now want to formally anrounce our intention to submit a CalFed
proposal to acquire furding to implement a research and implementation project for this
effort that specifically addresses funding for a program along Cache Creek.

Currently, I have an appointment to meet with some of your staff next week out in the
Woedland office in conjunction with Jan Lowery of the Cache Creek Conservancy. I
also plan to provide an overview presentation to the entire membership of the Cache
Creek Conservancy at their May 24 meeting. [ would liks to personally invite you to
attend either, or both of these meetings to find out more about our proposed progran.
You may also contact me directly [(510) 559-6127}) at any time for more detailed
information. Once completed, T will be forwarding you a copy of our CallFed proposal.

Thank you very much for you time and interest in our project. Hopefully, this effort will
be successful and we will be able to save you great time and expense in reducing these
pest plant populations to non-significant problems.

Sincerely

R.ajmél.c% a cc County Board of Supervisors

Research Leader

Pacific West Area - Western Regional Research Center
Exotic and Invasive Weeds Research
800 Buchanan Street » Albany, CA 54710-1105
Voice: 510 558-6127 » Fax: 510 559-6123 » E-mail: ric@pw usda.gov

Agricultural Research - Investing in Your Future
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USDA
—

United States Department of Agriculture
Research, Education and Economics
Agricultural Research Service

April 13, 1999

Delta Protection Commission
14215 River Road

PO Box 530

Walnut Grove, CA 93690

Dear Sirs:

The US Department of Agriculture, Agricultural Research Service is working with a
number of different public and private groups to develop new methods to control invasive
plant species such as saltcedar and giant reed. Both of these species are invading the
Cache Creek riparian area in your area. We are currently working with the Cache Creek
Conservancy, Team Arundo del Norte, the US Fish and Wildlife Service and the
University of California in evaluating the use of biological control to help reduce the
impact and spread of these detrimental plants throughout the state of California and in
other states in the west. We have been in communication with Yolo County Planning and
Public Works Department about this project but now want to formally announce our
intention to you in regard to your submission of a CalFed proposal to acquire funding to
implement a research and implementation project for this effort that specifically
addresses Cache Creek.

Currently, I have an appointment to meet with some of the County staff next week out in
their Woodland office in conjunction with Jan Lowery of the Cache Creek Conservancy.
I also plan to provide an overview presenzation to the entire membership of the Cache
Creek Conservancy at their May 24 meeting. I would like to personally invite you to
attend either, or both of these meetings to find out more about our proposed program.
You may also contact me directly [(510) 559-6127) at any time for more detailed
information, Once completed, T will be forwarding you a copy of our CalFed proposal.

Thank you very much for you time and interest in our project. Hopefully, this effort will
be successful and we will be able to save the County and local landowners great time and
expense in reducing these pest plant populations to non-significant problems.

Singergly,
— %
Research Leader aa

Pacific West Area - Western Regional Research Center
Exotic and invasive Weeds Research
800 Buchanan Street » Albany, CA 84710-1105
Voice: 510 559-6127 » Fax: 510 559-6§123 « E-mail: ric@pw.usda.gov

Agricultural Research - investing in Your Fulure
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STANDARD CLAUSES - /. A@

SERVICE & CONSULTANT SERVICE CONTRACTS FOR $5,000 & OVER WITH NONPUBLIC ENTITIES

“Workers' Compensation Clause. Comrzcier afTinns that it is aware of the provisions of Sestion 3700 of the California Laber Cade which require e
cmplover to be insured against habiliny for workers' compensatuan or Lo updertake scli-insurance in accordancs with the provisions of that Code, and Contrae
affirms that it will comply with such provisions belore commencing the performance of the work under this contract.

National Laber Relations Bourd Clause. In aceordance with Public Contract Code Section 10296, Contractor dectares under penalty of perjury that po mong |
than one [inal, unappealable finding of contempl of court by a feders) court has beew issued against the Comractor within the immediately preceding two-vear

period because of Contractor's filure to comply with an order of a federal court which orders Contractor 1o comply will an order of the national Labor Relations !
Board. :

Nondiserimination Clause. During the performance of this contraet, the recipient,Ceontractor and its subcontractors shall not deny.the contracts benefits 1o
any person on the basis of religion, color, ethnie group identification, sex, age, physical o mental disabiiiny, nor shall they disesimbnate unlawfully against any °
empioyes of applicant Jor employment beeause of race, religion, enlor, national osigin. 2ncestry, physical handicap, menta) disabiliny, mudicat condition, marital
status, age (over 40), or sex. Contractor shall insure that the evaluation and treatiment of employees and applicanis [or emploviment arg free of such diserimination.
Contracter shall comply with the provisions of the Fair Emplovinent and Housing Act (Government Code Scetion 12008 et seq. ). the regulations promulgated
therennder ¢Califormin Administrative Code, Title 2, Sections 72850 ot seq. ), the provisions of Article 9.3, Chapter 1. Part |, Division 2. Tille 2 of the Government
Code (Govemnment Code Seations 11135 - 111395 and 1he repulations or standards adopled by the awarding Stale ugeney o nnplement such article. Contracior
or reaipient shall permii aceess by representatives ol the Deperiment of Fair Emplovment and Houging and the avwardimg Stule ageney upon reasonable notiee
al wy time during the nonnal business hours. but in no case less than 24 hours™ notice. 1o such ol its books. reeords, aceounts, other sousces of mlermnion and
its fciliies as said Departinent or Agency shall require (0 aseertain complisnee with this clause. Reopient, Contractor and s subcontractors shudl grve written
notice of their obligations under this clause o labor organizations with which they have a collective bargaining or other agrecment. The Cantractor shali include
the nondiscrimination and compliance provisions of this ¢lause in all subconiracts to perfonm work under the contract.

Statement of Compliance. The Contractor's signature affixed hercon and dated shall constituze o certifieannn under penalty of peguny under the laws of the
State of California that the Contractor has, unless exempied, complicd with the nondiserimination program requiremenis of Government Code Section 12990

and Tile 2. California Code of Regulations. Section §103,

Performance Evalaation. For cansulting servied agreaiments, Contragiors perionmancee under this contract will be evaluated alier completion. A negainve
evaluation will be fled with the Depirient of Generl Services

Availability of Funds, Work to be perfonned andar this contiael is subpeet to avalability of [funds through the Staie's normal budget process.
Audit Clanse. For centracts in exeess of 510,000, the contracting partics shall be subject to the exmmimation and audtl of the State Auditor tor a peried of three
years afier final payment under the contract. (Government Code Seenon 8346.7),

Payment Retention Clause. Ten percent of any progress payments that may be provided for under this contract shall be witltheld per Fublic Contract Code

Scetions 10346 and 10379 pending satdsfactory completion of all services under the coniract.

Reimbursement Clause. If applicable. travel and per diewt expenizes to be reimbursed under this contract shall be at the same rates the State provides for
unrepresented emplovess in accardance with the provisions of Title 2, Chiapter 3, of the California Cede of Reculations, Contractor’s designated headquarlers

for the purpose ef computing such expenses shall bes

Disabled Veteran Business Enterprise Participation Requirement Audit Clause, Contraclor or vendor agrees that the awarding
depantment or tts delegates will have the right to review, obtain, and copy all records pertaining to performance of the contract. Contractor or vendor agrees ta
provide the awarding department or its deicgatee access o Hs premises, upon reasonable notice, during nonmal business hours for the purpose of interviewing
emplovess and inspeeting and copying such books. records, accounts, and other material that may be relevant to a matter under investigation for the purpose of
determining corapliance with Public Contract Cede Section 16115 ¢! seq. Contractor ar vendor Rurthar aerees 1o saintain such records Tor a period of three (3)
years after [inal payment under the contract. Title 2 CCR Section 1896.75.

Privriny Hiring Considerations. For contracts in excess of $200.000. the Contraclor shall give pricrity consideration in tilling vacancies in positiens {unded
by the contract to qualified recipients of wd under Welfare and Insttutions Code Seation 11200, (Publie Contrazt Code Section 10353),

DWR 4098 (Rev. 9/85) SIDE A




Drug-Free Workplace Certilication. By signing this contract, the Contractor or grantee hereby certifies tnder penalty of perjury under the laws of the Siate
of Califormia that the Contraclor or grantee will comply with the requirements of the Drug-Free Workplace Act of 1990 (Government Code Section 8350 et seq.)

and will provide a drug-frez workplace by taking the following actions:

Publish a statement notifving emplayses that unlawful manuafacture, distribution, dispensation, posscssion, or use of a controlled subsiance is prohibited and

1.
specifying actions to be 1aksn against employees for violations,

éstablish a Drug-Free Awarenzss Program to inform employers about all of the following:

!J

(2) The dangers of drug abuse in the workplace,

(b} Ths persen’s or organization's policy of maintaining & drug-free workplace,

{c) Any available counssling, rehabililation and employce assistance programs, and
(d} Penaltics that may be imposed upon employees for drug abuse violations.

Every employee who works on the proposed contract or grant:

Ly

(a) Wil receive a copy of the company’s drug-free policy statement, and
() Will agree to 2bide by terms of the company’s statement as a condition of employment on the contract or grant.

This contract or grant may be subject to suspension of payments or termination, or both, and the Contractor or grantee may be subject to debarment if the
department determines that: (1) the Contracter or grantee has made a false centification, or (2) the Contractor or grantee violates the certification by failing to

carry out the requirements noted above,

Antitrust Claims. In submitting a bid 1o a public purchasing body, the bidder offers and agrees that if the bid is accepted, it will zssign to the purchasing body
all fights, tifle, and interest in and to all causes of action it may have under Secticn 4 of the Clayton Act {15 1.5.C. Sec. 135) or under the Cartwright Act {(Chapter
2 (commencing with Section 16700) Part 2 of Divisian 7 of the Business and Professiens Code), arising from purchases of goods, matcrials, or services by the
bidder for sale to the purchasing body pursuant to the bid. Such assignment shall be made and become effective at the time the purchasing body tenders final

payment to the bidder. Ses Government Code Section 4552,

If an awarding body or public purchasing body received, cither through judzment or seftlement, a menetary recovery for a cause of action assigned under this
chapter, the assignor shall be entitled to receive reimbursement for actual legal costs incurred and mav, upon demand, recover from the public body any portion
of the recovery, including treble damages, attributable to overcharges that were paid by the assigner but were not paid by the public body as part of the bid price,
less the expenses incurred in obtaining that portion of the recovery. See Government Code Section 4553,

Upon demand in writing by the assignor, the assignee shall, within one year from such demand, reassign the cause of action assipned under this part if the assignor
has been or may have been injured by the viclation of law for which the cause of action arose and (a) the assignee has not been injured thereby, or (b) the assignce
declines 1o file a court action for the cause of action, See Government Code Section 4554,

Americans With Disabilities Act. By signing this contract, Contracior assures the state that it complies with the Americans With Disabilities Act {ADA)of
1990, (42 U.S.C. 12101 et seq.}, which prohibits discimination cn the basis of disability, as well as all applicable regulations and guidelines issued pursuant to

the ADA.

Corperate Qualifications To Dp Business in California. Contractor must be currently qualified 1o do business in California as defined by the Revenue &
Taxation Code, Section 23101 unless exempted. Both domestic and forsign corporaticns (those incorporated outside of California) must be in good standing

in order to be qualified to do business in Califormia.

Former State Employees: &) For the two-year period from the date he or she [21l Stalc employment, no former State oflicer or employee may enter info a cantract
in which he or she cngaged in any of the negotiations, transactions, planning, arrangements or any part of the decision-making process relevant to the contract
whils emploved in any capacity by any State agency. b) For the twelve-month pericd frem the date lte or sibe ief? State emplovment, no former State officer or
emplovee may enter into a contract with any State agency if he or she was emploved by that State agency in a palicy-rnaking position in the same general subject
area as the proposed contract within the twelve-month period pricr to his or her leaving Siate service.

T
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State of California DEPARTMENT OF WATER RESQURCES The Resources Agency Y

Agreement Na.

’ ' Exibit

ADDITIONAL STANDARD CLAUSES

Recycled Materials. Contractor hereby certifies under penalty of perjury that {enter value or "0" here) percent of
the materials, goods and supplies offered or products used in the performance of this Agreement meets or exceeds the
minimum percentage of recycled material as defined in Sections 12161 and 12200 of the Public Contract Code.

Severability. If any provision of this Agreement is held invalid or unenforceable by any court of final jurisdiction, it is
the intent of the parties that all other provisions of this Agreement be construed to remain fully valid, enforceable, and

binding on the parties.

Governing Law. This Agreement is governed by and shall be interpreled in accordance with the laws of the State of
California.

¥Y2K Language. The Contractor warrants and represents that the goods or services sold, leased, or licensed to the State
of California, its agencies, or its political subdivisions, pursuant to this Agreement are “Year 2000 compliant.” For
purposes of this Agreement a good or service is Year 2000 compliant if it will continue to fully function before, at, and
after the Year 2000 without interruption and, if aprlicable, with full ability to accurately and unambiguausly process,
display, compare, calculate, manipulate, and otherwise utilize date information. This warranty and representation
supersedes all warranty disclaimers and limitations and all limitations on liabiiity provided by or through the Contractor.

Child Support Compliance Act. For any Agreement in excess of $100,000, the Contracter acknowledges in
accordance therewith, that:

1. The Contractor recognizes the importance of child and family support abligations and shall fully corply with ail
applicable state and federal laws relating to child and family support enfercement, including, but not limited to,
disclosure of information and compliance with earings assignment orders, as provided in Chapter 8 (commencing
with Section 5200) of Part 5 of Division 9 of the Family Code; and

2. The Contractor, to the best of its know!edge, is fully complying with the earnings assignment orders of all employees
and is providing the names of all new employees o the New Hire Registry maintained by the California Employment

Development Deparment.

DWR 4099A (Rev.1/99)




U.S. Department of the Interior

: Certifications Regarding Debarment, Suspension and
) Other Responsibility Matters, Drug-Free Workplace
' Requirements and Lobbying

Persons signing this form should refer to the regulations
referenced below for complete instructions:

Certification Regarding Debarment, Suspension, and Other
Responsibility Matters - Primary Covered Transactions - The
prospective primary participant further agrees by
submitting this propesal that it will Include the glause
titied, “Certification Regarding Rebarment, Suspension,
Ineligibitity and Voluntary Exclusion - Lower Tler Covered
Transaction,” provided by the department. or agency
entering Into . this covered transaction, without
modification, n all lower fier covered transactions and in
al! solicitations for lower tier covered transactions. See
below for language to be used; use this form for certification

Certification Regarding Debarment, Suspension, ineligibility
and Voluntary Exclusion - Lower Tier Covered Transactions -
(See Appendix B of Subpart O of 43 CFR Part 12))

Certificalion Regarding Drug-Free Workplace Requirements -
Alternaie 1. (Graniees Other Than individuals) and Allernate
II. {(Grantees Who are Individuals) - (See Appendix C of
Subpart O of 43 CFR Part 12)

Signature on this form provides for compliance with
certificalion requirements under 43 CFR Parts 12 and 18. The
cenifications shall be treated as 2 material representation of
fact upon which reliance will be placed when the Depanment
of the Intericr determines to award the covered transaction,

and sign; or use Depariment of the Interior Form 1954 (DI-  grant. cooperative agreement or loan.

1954). (See Appendix A of Subpart O of 43 CFR Part 12.}

Certification Regarding Debarment, Suspension, and Other Responsibility Matters -
Primary Covered Transactions

CHECK/IF THIS CERTIFICATION IS FOR A PRIMARY COVERED TRANSACTION AND IS APPLICABLE.

PART A:

{1} The prospective primary parlicipant certifies to the best of its knowledge and belief, thal it and its principats:

(a) Are not presently debamred, suspended, proposed for debarment, dedlared ineligibte, or voluntarly excluded from
covered transaclions by any Federal department or agency;

(b}  Have nolwithin a three-year periad precading this proposal been convicted of or had 2 civil judgment rendered against
them for commission of fraud or a criminal offense in connection with cbtaining, attempling to obtain, or performing
a public (Federal, State or localy transaction or contract under a public transaction; violation of Federa! or State
antitrust statutes or commission of embezziement, thefl, forgery, bribary, falsification or destruction of records, making
false slalements, or recaiving stolen property;

{c)  Arenot _presenlly.indicted for or otherwise criminally or civilly charged by a governmental entity (Federal, Stale or
local) with commission of any of the offenses enumerated in paragraph (1){b) of this cerification; and

(€)  Have notwithin a three-year period preceding this application/praposal had one or more public iransactions (Federal,
State or local) terminated for cause or defaull.

{2) Whe_*rz_a the prospective primary participant is unable {o certify to 2ny of the statements in this certificetion, such prospective
participant shall atiach an explanation {o this proposal.

PART B: Certification Regarding Debarment, Suspensian, Ineligibility and Voluntary Exclusion -
Lower Tier Covered Transactions

CHECK__IF THIS CERTIFICATION IS FOR A LOWER TIER COVERED TRANSACT{ON AND IS AFPLICABLE

(1) The prospective lower tier participant certifies, by submission of this proposal, that neilher & nor its principals is presently
debarred, suspended, proposed for debarment, declared ineligible, or voluntarily excluded from paricipation in ihis
transaction by any Federal department or agency.

(2) Wnerethe prospective lower tier participant is unable to certify 10 any of the siatements in this certificalion, such prospective
participant shall attach an explanation to this proposal.

[ISLAT |
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PART €; Certification Regarding Crug-Free \Ndrkplace Requirements

CHECK__IF THIS CERTIFICATION IS FOR AN APPLICANT WiHQ IS NOT AN INDIVIDUAL.

¢ Alternate | (Grantees QOther Than Individuals)

A. The grantee centifies that it will or continue to provide a drug-free workplace by:

(a) Publishing a statement notifying employees that the uniawful manufaciure, distribution, dispensing, possession, or use
of a controlled substance is prohibited in the graniee's workplace and spedcifying the actions thal will be taken against
employees for violation of such prohibition;

{1) The dangers cf drug abuse in the workplace;

{2) The grantee's policy of mzintaining a drug-free workplace;

(3} Any available drug counseling, rehabilitation, and ernployee assistance programs; and

(4) The penallies that may be imposed vpon employees for drug abuse violations accurring in the workplace;

(b} Esiablishing an ongoing drug-free awareness program ta inform employees about- ﬁ
4
|

(©) Making it a requirement that each employee to be engaged in the performance of the grant be given a copy of the
slatement required by paragraph (a); : . §

(d) Notifying the employee in the stalement required by paragraph (a) that, as a condition of employment under the grant,

the employee will -~
{1} Abide by the terms of the statement; and
(2) Notify the employer in writing of his or her conviction for a violation of a ciminal drug statute occurting in the

workplace no later than five calendar days afler such conviction,

()  Motifying the agency in writing, within ten calendar days after receiving notice under subparagrash {d)(2) from an
empioyee or otherwise receiving actual notice of such conviction. Employers of convicied employees must provide
notice, including position title, to every grant officer on whose grant activity the convicted employee was working,
unless the Federal agency has dasignated a central point for the receipt of such nctices. Notice shall include the
identification numbers({s) of each affected grant; '

o) Taking one of the following actions, within 30 calendar days of receiving notice under subparagraph (d){2), with

respect to any employes who is sa convicted -
(1} Taking apprapriate personneal action against such an employee, up 10 and induding termination, consistent with

the requirements of the Feheabilitation Act of 1873, as armended; or
(2} Requiring such employee to panicipate satisfactorily in a drug abuse assistance or rehabilitation program
approved for such purposes by a Fedecal, State, or local hezlth, law enforcement, or other appropriate agency;

{9y Making a good faith effort o continue to maintain a drug-free workplace threugh implementation of paragraphs ()
(5), (), (d), (e) and (f).

B. The grantee may insert in the space provided below the site(s‘for the performance of work done in connection with the
specific grant:

Place of Per&armance (Streeigc’dress, city, county, state, zip code)

Shh - AR
BOO Rucuaman ST
Aegavy CB 5497/0

Check____if there are workplacas on file that are nol identified hera.

PART D: Certification Regarding Drug-Free Workplace Requirements

CHECK__IF THIS CERTIFICATION 15 FOR AN APPLICANT WHO IS AN I.;\.'D.’V.'DUAL.

-

Alternate li. (Grantees Who Are individuals)

{a) T_he grantee certifies that, as a condition of the grant. he or she will no! engage in the unlawiul manufacture,
distribulion, dispensing, pessession, or use of a controlled substance in condudling any activity with the grant;

(6} If convicled of a criminal drug offense resulling from a vioialion otcurring during the conduct of any grant activity, he
of she will repor the conviclion, in writing, within 10 calendar gays of the conviclion, to Ihe grant officer or other
designee, uniess the Federal agency designalas a cenlral point for the receipt of such notices, When notice is made
10 such a central poinl, « shali inglude the idenlificaticn numbder(s} of each afiected gran

. ' ,___._..——-—#



PART E: Certification Regarding Lobbying ’
Certification for Contracts, Grants, Loans, and Cooperative Agreements

1]
CHECK__IF CERTIFICATION 1S FOR THE AWARD OF ANY OF THE FOLLOWING AND
THE AMOUNT EXCEEDS $100,000: A FEDERAL GRANT OR COOPERATIVE AGREEMENT,
SUBCONTRACT, OR SUBGRANT UNDER THE GRANT OR COOPERATIVE AGREEMENT.

CHECK__IF CERTIFICATION IS FOR THE AWARD OF A FEDERAL
LOAN EXCEEDING THE AMOUNT OF 3$150,060, OR A SUBGRANT OR
SUBCONTRACT EXCEEDING $100,000, UNDER THE LOAN.

The undersigned cedtifies, to the best of his or her knowiedge and belief, that:

{1} No Federal appropriated funds have been paid or will be paid, by or on behalf of the undersigned, fo any person for
influencing or attempting to influence an officer or employee of an agency, 2 Member of Congress, and officer or employee
of Congress, ¢r an emplayee of 8a Member of Congress in connection with the awarding of any Federal contract, the making
of any Federal grant, the making of any Federa! loan, the enlering into of any cooperative agreement, and the extension,
continuation, renewal, amendment, or medification of any Federal contract, grant, loan, or cooperative agreement.

2) If any funds other than Federal appropriated funds have been paid or will be paid to any person for influencing or attempting
to influence an officer or employee of any agency, 2 Member of Congress, an officer ar employee of Congress, or an
employee of a Member of Congress in connection with this Federal contract, grant, loan, or cooperative agreement, the
undersigned shall complete and submit Standard Form-LLL, "Disclosure Form to Report Lobbying,” in accordance with its

instructions.

3} The undersigned shall require that the language of this certification be included in the award documents for all subawards
at all liers (including subcantracts, subgrants, and contracts under grants, loans, and cooparzlive agreements) and that all
subrecipients shali certify accordingly.

nis certification is @ malerial representation of fact upon which reliance was placed when this transaction was rmade or entered
to. Submission of this certification is a prerequisite for making or entering into this transaction imposed by Section 1352, title
1, .5, Code. Any person who fails to file the required certification shall be subject to a civil penalty of not less than $10,000
1d not more than $100,000 for each such failure,

i the authorized certifying official, | hereby certify thal the above specifiad certifications are true.

—

SNATURE CF AUTHORIZED CERTIFYING OFFICIAL ?4@%
/

‘PED NAME AND TITLE Kaymoopn . Cnee.m'uszg, Reseagcn Leadse
o
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FEDEHAL ASSISTANCE

2. DATE SUBMITTED

o4/1e/99
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Application Preapplication

3. DATE RECEIVED BY STATE
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| [ Non-Construction
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54 PPLICANT INFORMATION
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	Ecosystem Restoration Proposals
	List of Proposals Received
	99-A100 Recon, reconfig & relocation of DFG fish screen on the Cordua Irrig Dist & Hallwood Irrig Co div.
	99-A101 Sacramento River Small Diversion Fish Screen Mech. Monitoring & Maint. Project
	99-A102 Wildcat Creek Floodplain, Channel and Fisheries Restoration
	99-A103 Biological Evaluation of Suisun Marsh Diversions
	99-A104 RD 2035 Sac River Positive Barrier Fish Screen Design & Environ. Review
	99-A105 Fish Passage Improvement Project at the Red Bluff Diversion Dam
	99-A106 Banta-Carbona Irrig. District Positive Barrier Fish Screen
	99-A107 Battle Creek Salmon & Steelhead Restoration Program
	99-A108 Lower Mokelumne River Restoration Program
	99-A109 Fish Treadmill Developed Fish Screen Criteria for Native Sacramento-San Joaquin Watershed Fishes 
	99-A110 City of Redding Water Utility Fish Screen Rehabilitation
	99-A111 Development of an Optimal Design for Reducing Predation on Delta Smelt at a Large Fish Screen
	99-A112 Hydraulic Testing Facility for Fish Screens at Small Diversions in the Delta
	99-A113 Tracy Fish Facilities, Technology Development to Meet Modern Fish Protection Criteria  
	99-A114 Colusa Basin Drain Adult Salmonid Barrier Project
	99-A115 Butte Creek/Sanborn Slough Bifurcation Project
	99-A116 Pleasant Grove-Verona Mutual Water Company Fish Screen
	99-A117 Improve the Upstream Ladder & Barrier Weir @ Coleman Nat'l Fish Hatch. in Battle Creek
	99-A118 Behavior of Anadromous Fishes at Passageways
	99-A119 Tuttle Pump Relocation Project
	99-A120 Richter Brothers Anadromous Fish Screen Project
	99-B100 Tuolumne River Sediment Management Plan
	99-B101 Habitat Restoration/Floodway Enhancement Wilson Landing to Chico Creek
	99-B102 Tuolumne River Bobcat Flat Floodplain Acquisition
	99-B103 Alhambra Creek Habitat Improvements
	99-B104 Dev of Prop & Re-intro Techniques for Delta Special Status Plant Species
	99-B105 Abandoned Mine Inventory, CALFED's Targeted Watersheds
	99-B106 East Delta Habitat Corridor (Georgianna Slough)
	99-B107 Rock Creek - Keefer Slough Environmental Restoration
	99-B108 Proposal to Create Saline Emergent Wetland at Mare Island
	99-B109 Chipps Island Tidal Marsh Project
	99-B110 East Antioch Creek Marsh Restoration Project
	99-B111 Tuolumne River Special Run Pool 10 Restoration
	99-B112 Brickyard Creek Tributary Riparian Restoration and Outdoor Classroom Project
	99-B113 Hill Slough West Habitat Restoration Demonstation Project
	99-B114 Delta Meadows Nautral Communities Inventory and Habitat Restoration
	99-B115 Franks Tract/Decker Island Wetlands Habitat Restoration
	99-B116 Canal Ranch Habitat Resotration Project, Phase II
	99-B117 Phylogeographic & Microsatellite Study of West Coast Estuarine Restricted Fish
	99-B118 Feasibility Study for a Plant Materials & Research Ctr for CALFED Proj. in the No. S.F. Bay Eco zone
	99-B119 Ecosystem Development at the Cosumnes River Preserve:  Model Rstr. Exp. for the Central Vly 
	99-B120 Tuolumne River Mining Reach Project 3 - Warner Deardorff Segment
	99-B121 South Napa River Acquisition and Restoration Program 
	99-B122 San Joaquin River Riparian Habitat Restoration
	99-B123 Implementing the San Jose Riparian Restoration Action Plan
	99-B124 Lake Red Bluff Riparian Area Restoration & Education Support Project
	99-B125 Big Chico Creek Ecological Preserve
	99-B126 Floodplain Acquisition and Sub-Reach/Site-Specific Mgmt Planning on Sacramento River
	99-B127 Reintroduction of Endangered Soft Bird's Beak to Restored Habitat - Suisun
	99-B128 Proposal to Implement Decker Is. Tidal Wetland Enhancement Pilot Project
	99-B129 Butte Creek Acquisition, Easement and Restoration Program
	99-B130 Development of an Implementation Plan for Lower Yuba River Anadromous Fish Habitat Restoration
	99-B131 YUBA TOOLS: Collaborative Watershed Mgmt for Flood Control 
	99-B132 Seasonal Wetlands & Environmental Enhancement Project
	99-B133 Lower Gasburg Creek Sediment Control and Restoration
	99-B134 Spawning Gravel Introduction, Tuolumne River, La Grange Phase 2
	99-B135 Lower Clear Creek Floodway Restoration Proposal Soliciation
	99-B136 Mokelumne Corridor:  Acquisition, Management & Monitoring at Staten Island
	99-B137 Battle Creek Riparian Habitat Protection
	99-B138 Modeling the influence of Restoration Scenarios on Chan & Flplain Morphology in the Sac River basin
	99-B139 Phase II:  Demonstration Project for the Protection and Enhancement of Delta In-channel Islands 
	99-B140 Sacramento River Bypass Floodplain Habitat Restoration Program
	99-B141 Dead Horse Island Levee Restoration Project, Sacramento County
	99-B142 Fluvio-Geomorphic Design Criteria for the Cottonwood Creek Watershed
	99-B143 Loss of Mid-Channel Island Habitat in the Delta:  Causes and Rates of Erosion
	99-B144 A Unique Opportunity for Restoration, Research and Education
	99-B145 Culture of Delta Smelt, Hypomesus transpacificus, in Support of Environ. Studies & Restoration
	99-B146 Species and Community Profiles of the San Francisco Bay Area Wetlands Ecosystem Goals Project
	99-B147 Clover Creek Flood Protection and Environmental Project
	99-B148 Cosumnes River Floodplain Acquisition, Management & Monitoring
	99-B149 Northwestern Suisun Marsh Habitat Restoration Project
	99-B150 River Park
	99-B151 Habitat Restoration and Natural Processes:  Integrating Riparian Restoration with Flood Plan Mmgt
	99-B152 A Mechanistic Approach to Riparian Restoration in the San Joaquin Basin
	99-B153 Merced River Corridor Restoration Project Phase III
	99-B154 North Fork Weber Creek Acquisition and Habitat Restoration
	99-B155 Napa Salt Pond Restoration/Water Supply Project
	99-B156 South Napa River Tidal Sough and Floodplain Restoration Project
	99-B157 Development of a River Corridor Management Plan for the Lower American River
	99-B158 Sacramento River Discovery Center 
	99-B159 Implementation of Riparian Corridor Management along the Woodson Bridge Subreach of the Sac River
	99-B160 Developing an Integrated Model for River Restoration and Water Acquisition in the Central Valley
	99-B161 Riparian Corridor Acquisition and Restoration Assessment
	99-B162 Sacramento River Bank & Habitat Restoration Project
	99-B163 Lisbon District Levee & Habitat Protection Project
	99-B164 Sacramento River Public Information Internet Server - Phase 1
	99-B165 Liberty Island Acquisition and Restoration
	99-B166 Focused Action to Dev. Eco. based Hydrologic Models & Water Mgmt Strategies in the S. J. basin
	99-B167 Restoration of Copper Creek and Newton Copper Mine
	99-B168 Venice Island Potato Slough Habitat Creation Demonstration Project
	99-B169 Understanding Tidal Marsh Restoration Processes and Patterns
	99-B170 Lower Ranch Wetland Restoration Project
	99-B171 N/A
	99-B172 Holland Land Levee Protection & Habitat Restoration Project
	99-B173 Local Economic Impacts of Public Land Acquisition in the Sacramento River
	99-B174 Stone Lakes National Wildlife Refuge Acquisitions
	99-B175-183 NA
	99-B184 Arundo donax Control on Burch Creek:  Nonnative Invasive Species Eradication.
	99-B185 Monitoring Tidal Wetland Rehabilitations in the North Bay Region of the San Francisco Bay & Delta
	99-B186 Butte Creek Acquisition, Revegetation and Restoration Assessment Project
	99-B187 Howard Slough Riparian Restoration Project
	99-B188 Butte Creek Watershed Education Project
	99-B189 Inundation of a Section of the Yolo Bypass to Restore Sac. Splittail & Other Native Species 
	99-B190 Linked Hydrogeomorphic Ecosystem Models to Support Adaptive Mgmt Cosumnes-Mokelumne Paired Basin 
	99-B191 Geomorphic Model for Demonstration and Feasibility Assessment of Set-back Levees B-D River systems
	99-B192 McCormack-Williamson Tract Restoration Planning, Design, & Monitoring Program II
	99-B193 McCormick-Williamson Tract Restoration Planning, Design, & Monitoring Program I
	99-B194 Tuolumne River Sediment Mgmt & Implementation Plan
	99-B195 Ball Ranch Habitat Restoration Area Acquisition
	99-C100 Last Chance Creek Project - Ferris - Meadowview Reach
	99-C101 Lassen National Forest Watershed Stewardship Anadromous Watersheds of Antelope, Battle,etc
	99-C102 Wildcat Canyon Western Slope Restoration Project
	99-C103 Duplicate Proposal 99-B102
	99-C104 Conservation Easements for Agricultural Lands
	99-C105 Panoche/Silver Creek Watershed Management and Action Plan
	99-C106 Identificaiton & Characterization of Aquatic Habitat & Water Quality Factors Affecting Priority ...
	99-C107 Expanding Community based Restoraton and Stewardship in Four Watersheds
	99-C108 Cottonwood Creek Watershed Monitoring and Assessment
	99-C109 Napa River Watershed Stewardship Year 2 
	99-C110 Tuolumne River Regional Park Land Use Plan Update/Environmental
	99-C111 Granite Watershed Restoration Pilot Project
	99-C112 Butte County Water & Natural Resource Coordination
	99-C113 Phase I Feasibility Study of the Tracy Wetlands Stormwater Reuse Habitat
	99-C114 Yuba Watershed Council: A Collaborative Approach
	99-C115 Upper Trinity River Watershed Stewardship Project
	99-C116 A Clear Creek Prescription
	99-C117 San Pablo Bay Watershed Capacity Development
	99-C118 Biological Ag Systems in Cotton-BASIC-Reducing Synthetic Pesticides & Fertilizers in the No. SJ Vly
	99-C119 American Basin Watershed Station
	99-C120 Continuation of the Lower Mokelumne River Watershed Stewardship Program
	99-C121 Douglas/Long Canyon Paired - Watershed Project
	99-C122 Marsh Creek Watershed Science Program
	99-C123 Calaveras County Watershed Mgmt & Stewardship Program
	99-C124 Butte County Water Inventory/Needs Assessment
	99-C125 South Sacramento County Habitat Conservation Plan
	99-C126 Watershed Restoration & Implementation Strategy for Dry Creek
	99-C127 Yuba River Watershed Assessment
	99-C128 Upper Butte Creek Road Management Improvement Project
	99-C129 Development of a Watershed Management Strategy for Little Chico Creek
	99-C130 Big Chico Creek & Little Chico Watershed Support Project
	99-C131 Northeastern Sacramento Valley Small Streams Mapping Project - Phase I
	99-C132 Battle Creek Watershed Stewardship, Phase 2
	99-C133 Developing a Biological & Genetic Mgmt Plan for Chinook Salmon in the No. Sac Vly & Butte Basin Eco 
	99-C134 American River (Middle & South Forks) Integrated Watershed Stewardship
	99-C135 Digital Soil Survey Mapping & Digital Orthophotoquad For Bay-Delta Region
	99-C136 Clear Lake Wetlands Restoration
	99-C137 Promoting Stewardship Practices to Reduce Non Point Source Pollution From Prod. Ag in Sac/SJ Wtrshed
	99-C138 Colusa Basin Watershed Project
	99-C139 Mokelumne & Cosumnes Rivers Coordination
	99-C140 Sonoma Creek Watershed Conservancy
	99-C141 Integrating Ecosystem Restoration program Objectives with Instream Gravel Mining
	99-D100 Real Time Water Quality Management
	99-D101 Rapid-Response Assessment of Selenium 'Fixation' Rate into the Foodchain 
	99-D102 Adap. Mgmt Strat. for Reservoir of Ag Drainage Discharge: Mitigating Selenium Ecotoxic Risk 
	99-D103 Microbial Sensors for Selenium Hazard Assessment & Development of Site-Specific Selenium Objectives
	99-D104 Effects of Fires & Sediment Processes in Sierra Nevada Forested Watersheds
	99-D105 Merced River Water Temperature Feasibility Study
	99-D106 Real-Time Sensors for Mercuric & Selenate Ions Utilizing Templated
	99-D107 Real-Time Forecasting of Contaminant Loading From the Panoche/Silver Creek Watershed to the SJ River
	99-D108 DPR Pesticide Use Data on an Internet Site
	99-D109 Reduction of Insecticides Loads in the San Joaquin Watershed
	99-D110 Sacramento County Urban Runoff OP Pesticide Toxicity Control Program
	99-D111 Using Ecological Health & Integrity Indicatiors to Eff. Monitor the Exposure & Effects 
	99-D112 Impacts of Dietary Selenium on Giant Garter Snake Populations in Sacramento-San Joaquin Watershed
	99-D113 Chronic Toxicity of Environmental Contaminants in Sacramento Splittail:  A Biomarker Approach
	99-D114 Distinguishing TOC Sources in the Delta Using Complex Chemical Fingerprinting of Organic Matter 
	99-D115 A New Approach to Assess the Effect of Ecosystem Restoration Efforts on Contaminant Bioavailability
	99-D116 Assessment of Pesticide Effects on Fish & Their Food Resources in the Sac-SJ Delta
	99-D117 Implementation of Management Practices that Prevent Offsite Movement of Chlorpyrifos 
	99-D118 Eval. of Cont. Effects of Priority Fish Food Chain Resources in the Sac-SJ River & B-D Estuary 
	99-D119 Determination of the Causes of Dissolved Oxygen Depletion in the SJ River
	99-D120 Effects of Contam in the Catchment of the SFB Estuary on Redpro Success of Adult  Health 
	99-D121 Auburn Ravine CRMP Water Quality Monitoring Project
	99-D122 Protecting Water Quality in The Sac/SJ River Watershed Through Biological Farming Outreach & Ed.
	99-D123 Dissolved Organic Carbon Release from Delta Wetlands, Part 1
	99-D124 Dissolved Organic Carbon Release From Delta Wetlands: Part 2
	99-D125 Improve DPR, Database
	99-D126 Adaptive Development of a Watershed Specific Pesticide Use Monitoring Strategy
	99-D127 The Efficacy of Public Education Programs in Reducing Aquatic Toxicity From Stormwater Runoff
	99-D128 duplicate of 99D-127 at lower cost
	99-D129 Characterization of Quantity & Quality of Organic Carbon Loading & Transformation Assoc 
	99-D130 Getting B-D Solutions on the Ground & Online:  An Ag Comm. Delivery System to Revitalize Our Water
	99-E100 Assessment of Habitat Use, Trophic Status, Contaminants Distrib. of C. Mitten crab in Freshwater
	99-E101 An Evaluation of the Potential Impacts of the Chinese Mitten crab on the Benthic Comm. in the Delta 
	99-E102 Determining Substrate Requirements for Passive Interdiction, Population Control of C. Mitten crab
	99-E103 Effects of Introduced Species of Zooplankton & Clams on the B-D Food Web
	99-E104 Assessing Ecological & Economic Impacts of the Chinese Mitten crab
	99-E105 Bay Delta Crab Control
	99-E106 Treatment of Ballast Water:  Towards the Elim. of Alien Aquatic Intro Into the SF Bay
	99-E107 Stone Lakes Water Hyacinth Control
	99-E108 Tamarisk & Arundo on Cache Creek:  Removal and Revegetation
	99-E109 Treating Ballast Water Discharges at Existing Municipal Wastewater Treatment Plants
	99-E110 Determining the Biological, Physical & Chemical Characteristics of Ballast Wtr Arriving in SF Bay
	99-E111 Introduced Spartina Eradication Program
	99-E112 Reprod. Life His. of C. Mitten crab, ID of Poss. Repro Disrupters to Reduce Ecol. Impact on Species
	99-E113 Distribution & Status of Arundo donax in the Bay-Delta Watershed
	99-E114 Biological Control of Saltcedar & Giant Reed in the Cache Creek Drainage
	99-E115 Proposal to Conduct an Assess. of Delta Levee Impacts & Aquatic Habitat by C mitten crab
	99-E116 Purple Loosestrife Prevention, Detection & Control Actions for the Sac/SJ River Delta System 
	99-E117 Development of a Research Program for the Invasive Aquatic Plant, Egeria densa
	99-E118 Arundo donax Eradication and Coordination
	99-F100 Eval. of Hydroacoustics as a Mgmt Tool for Cen. Vly Salmon Producing Rivers & Streams
	99-F101 Building Strong Leadership for Restoration:  Skill Development & Restoration Education
	99-F102 Health Monitoring of Hatchery & Natural Fall-run Chinook in SJ River
	99-F103 Central Valley Steelhead Genetic Evaluation
	99-F104 Comprehensive Implementation Plan for Chinook Salmon
	99-F105 Biological Assess. of Green Sturgeon in the Sac/SJ Watershed
	99-F106 Development of a Comprehensive Imple. Plan for a Statiscally Designed Marking & Recovery
	99-G100 Estuary Action Challenge Environmental Education Project
	99-G101 Delta Information Center
	99-G102 San Joaquin River Public Education Program
	99-G103 Water Challenge 2010 Exhibit
	99-G104 The Learning Watershed Project
	99-G105 The Salmon Run: Eco Res Trails for the Sac/San Joaquin Delta
	99-G106 Traveling Film Festival & Exhibit/McCormack-Williamson Restoration Film
	99-G107 River Studies Center Exhibits & Programs
	99-G108 Estuary Supplements
	99-G109 Bay-Delta Leadership Institute
	99-G110 Sacramento River Water Education Center
	99-G111 Return to the Source:  The Upper Watersheds of the Bay-Delta
	99-G112 Wetlands Public Access Demonstration Project
	99-G113 Napa Living Rivers Conference and Field Tours
	99-G114 Bay Delta Explorer 2000
	99-G115 Brentwood Marsh Habitat & Educational Center
	99-G116 Environmental Education
	99-G117 1999/2000 Bay-Delta Education Program
	99-G118 The Delta Primer
	99-G119 Watershed Educational Training
	99-G120 CALFED Bay-Delta Program Activities
	Directed Programs
	DA-01 Battle Creek Salmon and Steelhead Restoration Project
	DA-02 Lower Butte Creek Project: Phase II - Preliminary Engineering and Environmental Analysis
	DA-03 ACID Fish Passage Improvement Project, Phase III
	DA-04 Prospect Island Monitoring Project
	DA-05 Lower Western Stone project
	DA-06 Phase 1: Robinson/Gallo Project - Ratzlaff Reach Site
	DA-07 Special Run Pool 10 Restoration
	DA-08 Mining Reach Restoration Project No. 2 - MJ Ruddy Segment
	DA-09 NRCS easements. 4 on the Tuolumne and 5 on the San Joaquin
	DA-10 East Delta Corridor Habitat Study Cosumnes River Feasibility Study
	DA-11 East Delta Corridor Habitat Study Mokelumne River Feasibility Study
	DA-12 McCormack-Williamson Tract’s Wildlife-Friendly Levee Management Program
	DA-13 Assessment of Ecological and Human Health Impacts of Mercury in the Bay-Delta Watershed


	Proposals Listed By Topic Area
	Fish Passage/Fish Screens
	99-A100 Recon, reconfig & relocation of DFG fish screen on the Cordua Irrig Dist & Hallwood Irrig Co div.
	99-A101 Sacramento River Small Diversion Fish Screen Mech. Monitoring & Maint. Project
	99-A102 Wildcat Creek Floodplain, Channel and Fisheries Restoration
	99-A103 Biological Evaluation of Suisun Marsh Diversions
	99-A104 RD 2035 Sac River Positive Barrier Fish Screen Design & Environ. Review
	99-A105 Fish Passage Improvement Project at the Red Bluff Diversion Dam
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